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SUMMARY AND CONCLUSIONS
Cottonseed is marketed almost entirely through a simple distributive
process of grower to ginner to oil mill. Sales by the ginner to the oil
mill are generally made on the basis of an official grade analysis of
the seed. No economical method is available to grade the small lots of
seed as sold by the producer to the ginner. Purchases by the ginner
from producers are made on a flat price per ton basis. No differentials
are paid by the ginner for different qualities of seed purchased at any
one time. This is a basic problem in the marketing of cottonseed.
The primary objectives of this research were: (1) to evaluate the
pricing accuracy of the present method of marketing cottonseed; (2) to
suggest alternative methods of pricing cottonseed at the gin, and (3) to
evaluate the pricing accuracy of these alternatives. The relationships
between oil content and moisture content of cottonseed and cottonseed
grades were explored as a basis for alternative methods of pricing.
The study was based on data collected from a 10 percent random
sample of cotton gins in three of the four cotton areas of Louisiana.
Data were obtained from 21 gins in 1956 and 20 gins in 1957. Data on
1,102 lots of cottonseed, representing 86,800 individual bale lot pur-
chases by ginners from producers, were included in the analysis. Infor-
mation on the amount purchased, price paid per ton by the ginnner to
the producer, amount sold, grade, grade analysis, oil mill base price
per ton, and price received per ton by the ginner from the oil mill was
obtained for each lot of cottonseed.
The price per ton received by the ginners from the oil mills was
used as the criterion of pricing accuracy in the analysis of the present
and alternative methods of pricing. The grade of each lot as shown on
the official grade analysis was used as a criterion for the analysis of
grading accuracy of the alternative methods of estimating grade. The
prices paid per ton by ginners were adjusted by the addition of a $5.00
per ton margin. The difference between the price received by the ginner
from the oil mill and the adjusted price paid by the ginner
for each lot of cottonseed was used as a measure of pricing error. Errors
in estimated grades were analyzed in a similar manner. As an addi-
tional measure of pricing error, a computed regression of price paid
on price received was compared with a theoretical unbiased regression.
The difference between the two regression lines was used as a measure
of the average pricing error.
The first phase of the study was concerned with an analysis of the
pricing accuracy of the present system. Pricing errors were analyzed by
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districts, by years and for all districts and years combined. Grading
accuracy was analyzed for each of three alternative methods of estimat-
ing grade: (1) grade estimates based on moisture content alone,
(2) grade estimates based on oil content alone and (3) grade estimates
based on both oil and moisture contents. Because of the influence of
free fatty acid content on grade, the data were subdivided into three
groups for the grade analysis: (1) seed containing 2 percent or less
free fatty acid, (2) seed containing 2.1 to 4.9 percent free fatty acid
and (3) seed containing 5 percent or more free fatty acid. The third
phase of the study was concerned with an analysis of the accuracy of
alternative pricing systems based on the three methods of estimating
grade.
Linear regression analysis revealed a positive, significant relation-
ship between the prices paid by ginners for cottonseed at the gin and
the prices received by ginners for the seed from the oil mill in both sea-
sons and all districts, except District II during 1957. However, all of
the regression coefficients were significantly different from 1.0, indicat-
ing pricing errors.
The pricing errors were smaller in 1956 than in 1957 in all districts
and were smaller in District I than in the other two districts. Prices
paid by ginners were biased upward in 1957 and biased downward
during 1956. On the average, in all districts during both seasons,
prices paid by the ginners underestimated the prices received from the
oil mills for values greater than the mean and overestimated those less
than the mean. A similar relationship existed for all districts and sea-
sons combined.
The analysis indicated that the present system on the average over-
paid producers for cottonseed with the least desirable qualities, and
underpaid them for cottonseed with the most desirable qualities. In ad-
dition, under the present flat price system individual bale lots of high
quality seed did not command a price differential over less valuable
lots of seed. Producers of cottonseed were not given any incentive to
improve the quality of their product. The price system did not reflect
consumers' desires accurately to producers. This would tend to lead
producers to misallocate productive resources among the different
grades of cottonseed. They would tend to produce more than consumers
want of the lower quality seed and less of the more desirable, high
quality cottonseed.
Under the present system neither consumer satisfaction nor producer
returns are maximized. The use of high quality cottonseed results in
higher quality cottonseed products as well as in lower processing costs.
Therefore, the failure of the pricing system to pass on to the grower
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the price differentials which reflect differences in the milling value of
cottonseed to oil mills adversely affects the consumers of cottonseed
products as well as the producers who produce high quality cottonseed.
The six factors affecting cottonseed grade, in the order of their im-
portance, are the free fatty acid content of the oil in the seed, the oil,
moisture, ammonia and foreign matter contents of the seed, and a
linters factor. The United States Department of Agriculture has been
working to develop an economical method of grade analysis to deter-
mine these factors at the gin. Up to the present time satisfactory meth-
ods of analysis have been developed to determine only the oil and
moisture contents of cottonseed.
Since practical methods have been developed for the determination
of the oil and moisture content of cottonseed at the gin, use of these
factors was considered as possible means of estimating cottonseed
grades. Single variable and multiple regression analysis was used to de-
velop grade estimation equations based on these factors. A highly
significant relationship was found between the moisture content of
cottonseed and grade, as determined by the official grade analysis,
in each of the free fatty acid groups, except the 5 percent or more
group. The relationships between the oil content and grade and be-
tween the oil and moisture contents and grade were found to be highly
significant in all three acid groups. The relationships were found to be
considerably higher in the 2 percent or less acid group for each of the
grade factors and for the two factors combined. The results indicated
that the selected factors could be used either alone or in combination
to estimate cottonseed grades.
The least squares estimation equations developed in the grade
analyses were used to estimate the grade of each lot of seed. Grading
errors were analyzed in the same manner as pricing errors. Grading
errors increased with the free fatty acid content for all three methods.
On the average, within each acid group, grade estimates for grades
above the mean underestimated the actual grade while those below
the mean overestimated the actual grade. This type error was smallest
for the 2 percent or less acid groups. The moisture estimated grades
were the least accurate, while the oil-moisture estimated grades were
the most accurate means of estimating grade. Since no data were
available on the grades as estimated by ginners, no comparisons could
be made on this basis.
The theoretical grade standards developed in the grade analysis sec-
tion were used as a basis for predicting prices for the analysis of pric-
ing accuracy of the alternative methods. The predicted price of each
lot was obtained by multiplying the grade estimate of the lot by the
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oil mill base price for that lot. Pricing errors increased with the free
fatty acid content of the seed for all three methods. The extent of the
error for high acid seed was considerably larger for the moisture-grade
predicted prices. The predicted prices of all three methods overesti-
mated the value of seed less than the mean and underestimated that
above the mean. This type error was larger for the high acid content
groups. For each of the alternative methods this type error was consid-
erably smaller than that found in the present system. For each al-
ternative method the plotted dots were arranged more closely around
the unbiased regression line than was true for the present system.
The correlation coefficient, regression coefficient, variance of esti-
mate and standard error of estimate are measures of pricing accuracy.
The larger the correlation and regression coefficient and the smaller
the other measures, the more accurate the pricing method. The present
method of pricing cottonseed was found to be less accurate than any
one of the alternative methods in terms of these measurements.
The variability of predicted prices about the computed regression
line was exceedingly small for the 2 percent or less free fatty acid
group, indicating a high degree of accuracy in these prices. The coef-
ficients of determination were also much higher for this group. This
indicated that a substantial reduction in pricing errors may be ob-
tained through the use of the alternative pricing methods during sea-
sons in which the free fatty acid content of seed is low.
A higher degree of pricing accuracy was obtained through the use
of the oil-moisture-grade method. It was noted, however, that the dif-
ferences in accuracy were quie small between this method and the oil-
grade method. Decisions as to which method to use would depend upon
the relative cost of grading for each method and other operational effi-
ciency aspects.
Although it was not possible to measure the extent of the pricing
error for individual bale lot purchases by the ginners from pro-
ducers, it was concluded, on the basis of the findings in the study, that the
alternative methods would result in a substantial increase in the ac-
curacy of pricing individual lots. Each of the alternative methods may
be used for the purchase of individual bale lots of seed on the basis of
their estimated quality. This is not possible under the present flat price
system.
The reduction in pricing errors obtained by the use of any one of
the three methods was considered substantial enough to warrant their
consideration as practical alternatives to the present sytem of pricing
cottonseed at the gin. On the basis of pricing accuracy alone, use of the
oil-moisture-grade standard in conjunction with the oil mill base price
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offers the greatest possibility for improvement in the marketing of cot-
tonseed.
If at some future date, a rapid and inexpensive method of free
fatty acid content determination is developed, its use along with mois-
ture and oil content would provide an even more accurate basis for
grading seed at the gin and would make further reductions in pricing
errors possible.
Use of the alternative pricing methods discussed would enable the
ginner to purchase individual lots of seed on the basis of quality dif-
ferences. This would mean that the money paid for cottonseed would
be distributed more equitably among the different producers. Each
producer would get more nearly what his particular cottonseed is
worth. Producers of high quality seed would obtain a higher price
while producers of low quality seed would obtain a lower price for
their seed. This would give producers an incentive to produce
higher quality seed. The alternative pricing methods would more ac-
curately reflect consumers' desires to producers. This would tend to
lead producers to allocate productive resources more equitably among
the different grades of cottonseed. Producers would have an incentive
to produce more of the desirable high quality seed and less of the low
quality seed. As the quality of the crop increased, the total income
from the crop would be greater. The costs of handling and processing
low quality seed are also greater than for high quality seed. Any im-
provements in the quality of the crop would be reflected in lower
overall operating costs for the industry. The alternative pricing sys-
tems would result in both greater consumer satisfaction and higher
producer returns than the present system offers.
The primary advantage to be gained by the ginner in using the al-
ternative methods is the reduction of risk in handling seed. Use of the
alternative methods would enable the ginner to more accurately pre-
dict the price he will receive for the cottonseed from the oil mill. Any
such reduction in risk should be welcomed by the ginner. In addition,
there are possible cost reductions for handling higher quality seed.
Any advantages of this nature, however, would be offset to the extent
of the increased costs in performing the grading of individual bale
lots of seed. If the reductions in risk and cost more than offset the cost
of grading, then eventual reductions in margins may be possible.
In view of these findings, the theoretical grade standards set forth
in this study are offered as a tentative method of reflecting quality
differentials to producers that may be used until an economical meth-
od of complete grade analysis of individual bale lots of cottonseed is
developed.
/
It is recoiinnended that: (1) the proposed grade standards be
thoroughly lield tested, and (2) the operational efficiency aspects be
thoroughly analyzed before recommending the adoption of any one of
the alternative methods for actual use.
8
Pricing Cottonseed
For Crushing
James F. Hudson
AGRICULTURAL ECONOMICS DEPARTMENT
INTRODUCTION
Cottonseed is a joint product in the production ot lint cotton. In
the early days of cotton production, cottonseed, other than for plant-
ing purpose, was looked upon largely as a waste. However, the discov-
ery of many new uses for crude cottonseed products has resulted in a
rapid growth of the cottonseed processing industry. The value of cot-
tonseed in the United States has increased to such an extent that it
now represents 12-19 percent of the total value of the cotton crop.^
Income from the sale of cottonseed in Louisiana amounted to $11,542,-
000 in 1956 and $6,678,000 in 1957.^ The reduced value in 1957 was
due to a short crop and lower average seed quality.
Cottonseed crushing mills turn out four products: crude cottonseed
oil, cottonseed meal, cottonseed hulls and cotton linters. Each of these
products competes with substitute products on the market.
The consumer demand for cottonseed products is reflected by the
oil mill base price for "basis grade" seed (grade 100). The quantity of
products produced and the proportions of the various products milled
from a ton of cottonseed are determined largely by the quality of the
seed. A larger proportion of the more valuable products can be milled,
and a smaller manufacturing loss sustained from high quality cotton-
seed. These quality differences are reflected in the prices paid by the
oil mill in the form of premiums and discounts for seed grading above
or below the "basis grade."
In buying cottonseed from ginners, the oil mill offers a price for
"basis grade" seed (grade 100). A sample of the seed to be purchased
is chemically analyzed by a chemist licensed by the United States De-
partment of Agriculture. If the seed grade is above 100, the ginner
receives a premium above the base price. A discount is applied if the
seed grade is below 100.
U. S. Department of Agriculture, Agricultural Marketing Service. Statistics on
Cotton and Related Data 1920-1956. Revised. U. S. Department of Agriculture,
Stat. Bulletin 99. 1957. Calculations based on table 206, p. 215.
^U. S. Department of Agriculture, Agricultural Marketing Service. Fats and
Oils Situation. FOS-186. p. 28. FOS-192. p. 18.
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The grade analysis is based on a random sample of seed drawn
from each shipment to the oil mill. Each sample represents approxi-
mately 30 tons of seed. The ginner purchases cottonseed from pro-
ducers on an individual bale lot basis, consisting of approximately 800
to 850 pounds. Each sale by the ginner, therefore, represents 70 to 75
individual bale lots of cottonseed.
Ginners sell their seed to the oil mill on the basis of an official
grade analysis, but at present no economical method has been de-
veloped for grading the small lots of cottonseed purchased by the gin-
ner from the producer. The ginner purchases seed from the producer
on the basis of a flat price per ton posted at the gin. The producer
doesn't normally bargain with the ginner over the price paid for
cottonseed. If he is not satisfied with the price or can obtain a higher
price elsewhere, he refuses to patronize the gin. Competition among
gins for customers within an area tends to equalize prices paid for seed
at any one time. Whitten^ reported that the prices posted by ginners
relate indirectly to prices received for seed from the oil mill, but such
prices apply to the estimated quality of seed currently being received
at the gin. Ginners normally calculate prices by subtracting a margin
from the current mill base price to defray marketing costs and allow a
profit. They make a further price adjustment to compensate for any
difference between the estimated quality of seed arriving at the gin and
that of the "basis grade" seed. All lots of cottonseed are purchased for
the same price, at any given time, and cottonseed producing high value
products does not command a differential over less valuable seed. Indi-
vidual producers of seed are not given a price incentive to improve the
quality of the product they bring to the gin.
Statement of Problem
That part of the work of plant breeders and agronomists which
leads to improvement in the quality of cottonseed for crushing purposes
will have little practical significance unless and until consumer pref-
erence, as reflected in premiums and discounts above and below the oil
mill base price, is reflected in a differential price paid by ginners to
producers. In addition, there will be little incentive for producers to
extend any effort toward quality improvement in the form of better
cultural, harvesting and handling practices.
The desirability of having a pricing system that would pay indi-
vidual farmers more in line with what their product is worth to the pro-
^Whitten, Marion E., and Stevenson, Joseph H. Marketing of Cottonseed. U. S.
Department of Agriculture, Production and Marketing Administration, Cotton
Branch. 1949. p. 4. (Mimeograph)
10
cessor is apparent. From the ginners' standpoint such a pricing system
might also be advantageous. Although this may not necessarily mean that
a higher price would be paid for cottonseed by all ginners, it would ef-
fect a more equitable distribution of the money paid out.
Scope and Objectives
This study is concerned with the shortcomings of the present pric-
ing system for cottonseed at the ginner market and the possibility of
developing alternative methods of pricing seed which may more near-
ly approach an optimum price system. The specific objectives of the
study are as follows: 1. To evaluate the present method of pricing
cottonseed at the gin in terms of its accuracy in reflecting premiums
and discounts for grades above and below the basis grade and changes
in the oil mill base price. 2. To examine the economic significance
of pricing errors in the present system. 3. To suggest alternative meth-
ods of pricing cottonseed at the gin and test the pricing accuracy of
these methods.
The study is limited to an analysis of cottonseed prices at selected
gins in three of the four cotton areas in Louisiana. No attempt is
made to make a comparative analysis of prices in these areas with those
in any other area or state. Although the study is limited to Louisiana,
it is felt that the findings are applicable to other areas where similar
conditions exist.
Research Procedure
The primary data for the study were collected from a 10 percent
sample of cotton ginners located in three of the four cotton quality
reporting districts in Louisiana (Map 1).
Twenty-one gins were included in the sample for 1956 and 20 gins
in the 1957 sample. Data were obtained on 574 sales by ginners during
1956 and 528 in 1957. These sales represented approximately 86,800
individual bale lots of cottonseed.
Data on purchases from producers and prices paid by ginners for
cottonseed were obtained directly from gin ticket books. Sales of seed
to oil mills, oil mill base prices, and prices received from the oil mill
by ginners were obtained directly from the gin sales invoices. Data
relative to the grade and analysis of seed were obtained from the of-
ficial grade analysis sheets. Additional information on buying and
selling practices was obtained by personal interview with the owners
of the gins.
Supplementary data on the average grade and analysis of cottonseed
in Louisiana were compiled from annual cottonseed quality reports issued
by the United States Department of Agriculture.
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Map 1.—Location of sample gins by cotton grade and staple reporting districts, Lou-
isiana, 1956-57.
Before an analysis could be made, it was necessary to relate the in-
dividual bale lots of seed purchased by the ginner from the producer
to the appropriate shipment to the oil mill. Ginners reported that
seed were shipped as fast as they accumulated a truck load. In addition,
the type of seed house commonly used to hold seed is built so that
seed are fed in at the top and taken out at the bottom. In view of these
facts, it was logical to assume that the first seed purchased were the first
seed sold.
Another factor of concern in relating seed sales and purchases was
the difference in weights indicated on the gin ticket books and those
on the oil mill invoice. The gin purchases were based on the weights
as determined at the gin; the oil mill sales were based upon the
weights as determined by the oil mill. The oil mill weights may be
more or less than the gin weights, depending upon the accuracy of
12
the gin weights and the amount of handling and shipping losses in-
curred. This difficulty was overcome by determining the total dif-
ference in weight for the entire season, converting it into a percentage-
gain-or-loss factor and using this factor to adjust the weight of each
individual shipment of seed. Using the adjusted weights, the indi-
vidual bale lot purchases were accumulated into lots equaling the
shipment to the oil mill.
If the gin price changed before a shipment was accumulated, this
shipment was split on the basis of the amount of seed purchased at
each price. In this manner all of the seed purchased was identified with
the shipment to the oil mill in which it was included and the price
paid for each lot was identified with the price received for the lot. The
grade analysis for each lot was established in the same manner.
ACCURACY OF PRESENT METHOD OF
PRICING COTTONSEED
The prices ginners pay producers for cottonseed represent the gin-
ners' estimates of the prices they will receive from the oil mill less a
margin for handling. An analysis of the prices paid* and received by
ginners for cottonseed should yield information relative to the ac-
curacy of the present pricing system. The approach used in this analy-
sis is an adaptation of methods developed by E. H. Jebe and Elliott S.
Clifton^ for the study of yield and grade estimates of livestock. A some-
what similar technique was used earlier by Dowell and others.^
Analysis of Pricing Errors
The first step of the analysis consisted of a comparison of the aver-
age prices paid by ginners for cottonseed with the average prices re-
ceived from the oil mill. The (t) values for the differences between the
means were calculated to test the hypothesis that the groups had the
same mean.^ Small non-significant differences indicated that there was
no bias on the average in prices paid by ginners for cottonseed. Sig-
nificant negative differences indicated a downward bias on the average
^"Prices paid" refers to prices per ton paid for cottonseed by the ginner to cot-
ton producers at the gin. "Prices received" refers to the prices per ton received by
the ginner for the seed when sold to the oil mill.
^Jebe, E, H., and Clifton, E. S. Estimating Yields and Grade of Slaughter Steers
and Heifers. Journal of Farm Economics. Volume 38: 584-596. 1956.
^Dowell, A. A., Engelman, Gerald, Ferrin, E. F., and Anderson, Phillip A. Mar-
keting Slaughter Cattle by Carcass Weight and Grade. Minnesota Agr. Expt. Sta.
Tech. Bulletin 181. 1948.
'Snedecor, George W. Statistical Methods. Fourth Edition. Ames, Iowa, Iowa
State College Press. 1946. For discussion of group comparisons see pp. 75-78.
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in prices paid, or under-pricing, while a positive difference indicated an
upward bias, or over-pricing.
Even if there was no bias on the average for all prices paid, the
ginner might have overpriced some purchases and underpriced others. If
there was a price bias, it might have been more for some purchases than
for others.
The second step of the analyisis was concerned with determining
if such a condition was present. This consisted of computing a linear
regression of prices paid on prices received by ginners for cottonseed
and comparing the estimated regression coefficient with the regression
coefficient of an unbiased regression line.^ If the prices paid and re-
ceived were the same, the computed regression coefficient would equal
that of an unbiased regression line (1.0). If the computed regression
coefficient differed significantly from 1.0, pricing errors were indicated.
Graphic analysis of the two regression lines indicated the extent and
direction of the pricing error. The computed regression line represents
the average relationship between the two variables. When viewed
graphically, the vertical distance between the computed and unbiased
regression lines indicates the average pricing error involved. This error
varies for different points on the computed regression line, depending
upon its slope in relation to the unbiased line.
In the graphic illustration of the relationship between the two
variables, each dot represents one or more lots of cottonseed.^ Where
the pricing system is not completely accurate, the dots lie either above
or below the unbiased line. Dots above the line represent lots for
which price paid exceeded price received—lots which are overpriced.
Dots below the line represent lots for which price received exceeded
the price paid—lots which are underpriced. The vertical distance be-
tween a dot and the unbiased regression line indicates the extent to
which price paid departed from the price received for each lot—the
farther the distance, the greater the difference between the prices and
the greater the pricing error.
Other statistics computed in the analysis were the coefficient of
determination, standard error of the estimate, standard error of the
*It was decided to compute the regression of prices paid on prices received in
view of the fact that prices paid are in effect estimates of prices received and there-
fore dependent upon them. Both variables are subject to error, but error may be
expected to be smaller for prices received in view of the system of flat prices paid
by ginners.
''In plotting the data, it was noted that several of the observations fell on the
same point. The scatter of dots may be misleading if this fact is not kept in mind.
It would be especially misleading in an attempt to locate the means in reference
to the scatter of dots and the slope of computed regression lines.
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regression coefficients, standard deviation of the means, and the stand-
ard error of the mean differences.
The analysis was first performed for each district and each year in-
dividually. The data were later combined for further analysis. Pooled
regressions were computed and the significance of the reduction of the
error sum of squares by using individual regressions was tested. This
was done to discover if a significant difference existed in pricing errors
among districts and between seasons. Where differences were not sig-
nificant, it indicated that pricing errors over the observed range of
the data were similar for the groups being tested.
To simplify presentation,' the average price paid was adjusted by
adding a constant margin of $5.00 per ton. This represented the mar-
gin generally accepted as adequate by the ginners in Louisiana and
approximately equaled the average difference between prices paid
and received in the study. In diagramming the computed and un-
biased regression lines, the unbiased regression line was adjusted to
reflect the effect of the $5.00 margin for handling seed.
District I
The adjusted average price per ton paid to producers by ginners
for cottonseed in District I was $63.21 during 1956 and $55.47 during
1957. The average price per ton received for cottonseed by ginners
from the oil mill was $66.20 and $54.45 for the two seasons, respective-
ly. The difference of —$2.99 for 1956 was highly significant, while the
difference of 4-$ 1.02 for 1957 was not (Table 1). This indicates that
on the average there was a downward bias in the prices paid by gin-
ners in 1956 whereas there was no significant bias in the average prices
paid during 1957. The negative difference in 1956 indicates that on
the average the prices paid by ginners were $7.99 below the prices re-
ceived, or $2.99 in excess of the constant margin. The positive difference
in 1957 was not significant and may be attributed to reasonable
sampling fluctuations.
The computed linear regression coefficient was 0.7115 for 1956 and
0.5832 for 1957. Tests revealed these coeflicients were significantly dif-
ferent from 0 and from 1.0, indicating a significant but imperfect rela-
tionship between the prices paid and received. The computed regres-
sion line for 1956 lies below the unbiased regression line (B=1.0)
throughout the range of the data, indicating an average downward
bias in prices paid by ginners throughout the season (Figure 1). The
computed regression line and the unbiased line become wider apart
as they move upward to the right. This means that on the average
the lower valued seed were not underpriced as much as the higher
15
Price received per ton
188 lots of cottonseed. District I, 1956
Price received per ton
211 lots^of cottonseed. District I, 1957
Figure 1.—Relationship between prices paid and actual prices received for
cottonseed.
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valued seed. The scatter of dots about the unbiased regression line in-
dicates that substantial pricing errors occurred during 1956 under the
present pricing system.
The unbiased regression line for 1957 crosses the computed regres-
sion line very close to the means x, y at point A (Figure 1). This indi-
cates that the average price paid by ginners for cottonseed during 1957
was not biased. Ho^vever, the computed regression line lies above the
unbiased regression line to the left of point A and belo^v to the right
of it. This indicates that on the average the lower valued seed were
overpriced and the higher valued seed were underpriced. The scatter
of dots about the unbiased line indicates substantial pricing errors dur-
ing 1957. However, the dots were more evenly distributed above and
below the line than for 1956.
Approximately 41 percent of the variation in the prices paid for
cottonseed was linearly associated with the prices received from the oil
TABLE 1.—Summary analysis of regression of price paid on price received for cot-
tonseed by ginners and price errors, District I, by years^
Number of observations
Items measured or Dist. I Dist. I Dist. I
computed 1956 1957 1956-57
188 211 399
Price paid by ginner:
Mean 58.21 50.47 54.12
Adjusted mean^ 63.21 55.47 59.12
Standard deviation 5.49 5.47 6.70
Price received by ginner
Mean 66.20 54.45 69.98
Standard deviation 4.94 5.49 7.89
Correlation coefficient 0.6405** 0.5939** 0.7641**
Coefficient of determination 0.4102 0.3527 0.5838
Regression coefficient 0.7115 0.5832 0.6486
Total sum of squares 5,645.49 6,276.61 17,876.23
Reduction in S.S. due to reg.<^ 2,315.53 2,213.45 10,435.76
Deviations from reg. S.S. 3,329.96 4,063.16 7.440.47
Variance of estimate S-e 17.90 19.44 18.74
Standard error of estimate 4.231 4.409 4.329
Standard error of reg. coef. 0.00625 0.00547 0.0275
(t) value for test Ho:b=l 4.62** 8.17** 12.78**
(t) value for test Ho:b=0 11.39** 10.67** 23.59**
Mean difference (error) -2.99 +1.02 —.86
Standard deviation 5.23 5.52 7.32
Standard error of mean 0.5390 0.537 0.5184
(t) value for test of hypothesis
true mean difference = 0 -5.547 ** +1.899 -1.6589
a Error equals adjusted price paid minus price received.
^ Average price paid plus S5.00 margin.
S.S. equals sum of squares.
** Signiifcant at .01 level.
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mill during 1956 as compared with 35 percent during 1957. The
standard error of estimate was $4.23 and |4.41 for the two years, re-
spectively (Table 1) . The standard error is a measure of the variation
in price around the computed regression line. It indicates that two-
thirds of the observations will not vary above or below the line by
more than this amount.
District II
The adjusted average price paid for cottonseed in District II was
$55.79 during 1956 and $58.35 during 1957. The average price received
was $63.17 and $56.52 for the two seasons, respectively. The differences
of -$7.38 and +$1.83 were found to be significant (Table 2). This in-
dicates that on the average there was a downward bias in the prices paid
by ginners during 1956 and an upward bias in prices during 1957. The
average pricing error for 1956 was considerably larger than that found
in any of the other districts for the two seasons included in the study.
The computed regression coefficient was 0.4407 for 1956 and —0.0565
for 1957. Tests indicated that both coefficients differed significantly from
1.0. However, only the 1956 coefficient tested significantly different from
0. This indicates that there was a significant relationship between
prices paid and received during 1956 and that there was no relationship
between the two variables during the 1957 season. However, in view of
the significant relationship between the two variables in other districts
during both seasons and the small number of observations available
from District II, it was felt that the test did not give a true picture for
this area during 1957. Snedecori*^ has emphasized that sample values from
a bivariate population may be quite variable if N is small.
The computed regression line for 1956 lies below the unbiased
line (B = 1.0) throughout the range of the data, indicating a downward
bias in all prices paid (Figure 2). The two regression lines become wider
apart as they move upward to the right, indicating that the pricing
error for lower valued seed was less than that for higher valued seed.
Although the data indicate no significant relationship between the
variables during 1957, a majority of the observations lie above the un-
biased regression line, indicating that on the average the prices paid
had an upward bias (Figure 2).
Approximately 71 percent of the variation in the prices paid for
cottonseed was linearly associated with the prices received from the oil
mill during 1956, as compared to only 2 percent during 1957 (Table 2).
It may be pointed out, however, that there were only 3 different prices
paid for cottonseed in District II during the 1957 season. The standard
error of estimate was $1.72 and $1.02 for the two seasons, respectively.
'Snedecor, George W., op. cit., p. 141.
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TABLE 2.—Summary analysis of regression of price paid on price received for cotton-
seed by ginners and price errors, District II, by years."
Number of observations
Items measured or Dist. II Dist. II Dist. II
computed 1 OKA 1957 1956-57
4o 17 45
Price paid by ginner:
Mean 50.79 53.35 51.76
Adjusted mean'' 55.79 58.35 56.76
Standard deviation 3.13 0.99 2.82
Price received by ginner:
Mean 63.17 56.52 60.66
Standard deviation 5.99 2.36 5.89
Correlation coefficient 0.8427** 0.0133 0.3294*
Coefficient of determination 0.7101 0.0176 0.1085
Regression coefficient 0.4407 -0.0565 0.1578
Total sum of squares 264.71 15.88 350.31
Reduction in S.S. due to reg.*^ 187.96 .28 38.01
Deviations from reg. S.S. 76.75 15.60 312.30
Variance of estimate S^e 2.95 1.04 7.26
Standard error of estimate 1.718 1.02 2.694
Standard error of reg. coef. 0.0552 0.0342 0.0690
(t) value for test Ho:b=l 10.13** 30.89** 12.21**
(t) value for test Ho:b=0 7.98** 1.65 2.29*
Mean difference (error) -7.38 +1.83 —4.90
Standard deviation 4.78 1.81 4.62
Standard error of mean 1.2769 0.6207 0.9733
(t) value for test of hypothesis
true mean difference = 0 —5.7796** +2.948** —5.0334**
a Error equals adjusted price paid minus price received.
Average price paid plus $5.00 margin.
< S.S. equals sum of squares.
* Significant at .05 level.
**Significant at .01 level.
District III
The adjusted average price paid by ginners for cottonseed in District
III was $56.68 during 1956 and $51.10 during 1957. The average price
received was $58.02 and $49.36 for the two seasons, respectively. The
differences of — $1.34 and -|-$1.74 were both significant at the 1 percent
level (Table 3). This means that there was a downward bias in prices
paid by ginners during 1956 and an upward bias during 1957. The nega-
tive error for 1956 indicates that on the average the prices paid were
$1.34 in excess of the $5.00 constant margin. The positive error during
1957 indicates that on the average prices paid fell short of maintaining
the $5.00 margin by $1.74.
The computed linear regression coefficients for 1956 and 1957 were
0.6428 and 0.5349. Both coefficients tested significantly different from
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0 and 1.0, indicating a significant but imperfect relationship between
the variables.
The means x. y on the computed regression line for 1956 lie below
the unbiased regression line (B = 1.0) and to the right of point A
where the two lines cross (Figure 3). This indicates that on the average
the prices paid were biased downward. However, since the two regres-
sion lines cross, this means that on the average the lower valued seed
were overpriced while the higher valued seed were underpriced. A ma-
jority of the dots are located below the unbiased regression line, indicat-
ing that most of the errors were in terms of underpricing. Some in-
dividual lots were underpriced as much as $10.00 per ton.
The means x, y on the computed regression line for 1957 lie above
the unbiased regression line and to the left of point A where the two
lines cross (Figure 3). This indicates that on the average the prices paid
were biased upward. However, since the two regression lines cross, this
means that on the average seed to the right of point A were underpriced
while those to the left of it were overpriced. The scatter of the dots
about the unbiased regression line indicates substantial pricing errors
in District III during 1957. Some individual lots of seed were under-
priced as much as $23.00 per ton while others were overpriced as much
as $35.00 per ton.
Seventy-three percent of the variation in the prices paid for cotton-
seed was linearly associated with the prices received from the oil mill
during 1956; only 27 percent was associated with prices received during
1957. The standard error of estimate was $2.39 during 1956 and $5.69
during 1957.
Combined Analysis
The adjusted average price paid for cottonseed for the two-year
period was $59.12 in District I and $54.14 in District III. The average
price received from the oil mill was $59.98 and $54.07 for the two dis-
tricts, respectively (Tables 1 and 3). The differences of — $0.86 and
-|-$0.07 were not found to be significant, indicating that there was no
significant bias in the average prices paid for seed by ginners in either
district over the two-year period of the study.
The average linear regression coefficient was 0.6486 for District I
and 0.6087 for District III. Both regression coefficients were found to be
significantly different from 0 and from 1.0, indicating a significant
but imperfect relationship between the two variables.
The means x, y of the computed linear regression line for District I
lie slightly to the right of point A where the computed regression line
intersects the unbiased regression line (B = 1.0) (Figure 4). This con-
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Price received per ton
3^8 lots of cottonseed. District III, 1956
Price received per ton
300 lots of cottonseed. District III, 1957
Figure 3,—Relationship between prices paid and actual prices received for cottonseed.
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TABLE 3.—Summary analysis of regression of price paid on price received for cot-
tonseed by ginners and pricing errors, District III, by years^
Number of observations
Items measured or
computed
Dist. Ill
1956
ODO
Dist. Ill
1957
300
Dist. Ill
1956-57
658
Price paid by ginner:
Mean
Adjusted mean*>
Standard deviation
51.68
56.68
4.62
46.10
51.10
6.64
49.14
54.14
6.28
Price received by ginner:
Mean
Standard deviation
58.02
6.16
49.36
6.44
54.07
7.62
Correlation coefficient
Coefficient of determination
Regression coefficient
Total sum of squares
Reduction in S.S. due to reg.^^
Deviation from reg. S.S.
Variance of estimate S^e
Standard error of estimate
Standard error of reg. coef.
0.8569*
0.7342
0.6428
7,623.33
5,597.37
2,025.96
5.69
2.385
0.0205
0.5184**
0.2687
0.5349
13,194.20
3,545.17
9,651.03
32.39
5.691
0.0511
0.7386**
0.5456
0.6087
25,913.69
14,138.59
11,775.10
17.95
4.237
0.0230
(t) value for test Ho:b=0
(t) value for test Ho:b=0
17.42**
31.36**
9.09**
10.46**
17.00**
26.44**
Mean difference (error)
Standard deviation
Standard error of mean
— 1.34
5.44
0.4070
+ 1.74
6.54
0.5340
+.07
6.98
0.3850
(t) value for test of hypothesis
true mean difference = 0 _3.292* +3.584** +0.18
^ Error equals adjusted price paid minus price received.
^ Average price paid plus |5.00 margin.
S.S. equals sum of squares.
** Significant at .01 level.
firms the fact that the means were not significantly different. The
computed regression line lies above the unbiased line to the left of point
A and below it to the right. This indicates that ginners tended to over-
price seed lower in value than that in the neighborhood of point A and
to underprice seed higher in value. The scatter of the dots about the
unbiased regression line indicates substantial pricing errors for in-
dividual lots of seed.
A similiar relationship existed between the computed regression line
for District III and the unbiased regression line (Figure 5). On the
average, seed with values lower than the mean were overpriced, while
those valued above the mean were underpriced. The scatter of dots
about the unbiased regression line indicates substantial pricing errors
for individual lots of seed.
Approximately 58 percent of the variation in the prices paid for seed
in District I and 55 percent in District III was linearly associated with
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Price received per ton
Figure 4.—Relationship between prices paid and actual prices received, 399 lots of
cottonseed, District I, 1956-57.
0 ^ 30 UO 50 60 70
Price received per ton
Figure 5.—Relationship between prices paid and actual prices received, 658 lots of
cottonseed, District III, 1956-57.
the prices received from the oil mill. The standard error of estimate was
$4.33 and $4.24 for the two districts, respectively (Tables 1 and 3).
The analysis of the combined data for District II indicated a signi-
ficant downward bias in average prices paid. However, the computed
regression coefficent was significant only at the 5 percent level (Table
2). Interpretation of the data was limited by the relatively small num-
ber of observations. The graphic relationship is shown in Figure 2.
In order to ascertain the overall pricing errors for the two seasons
and three districts as a whole, all of the observations were pooled for
analysis. In referring to these data it must be remembered that they are
representative of all observations only and would not be applicable to
the individual districts.
The adjusted average price paid for cottonseed was $58.78 during
1956, $53.08 during 1957 and $56.05 for the two seasons combined.
The corresponding average prices received were $60.95, |51.63 and
TABLE 4.—Summary analysis of regression of price paid on price received for cot-
tonseed by ginners and pricing errors, all districts, by years"
Number of observations
Items measured or All Dist. All Dist. All Dist.
computed 1956 1957 1956-57
574 528 1,102
Price paid by ginner:
Mean 53.78 48.08 51.05
Adjusted mean** 58.78 53.08 56.05
Standard deviation 5.77 6.51 6.76
Price received by ginner:
Mean 60.95 51.63 56.48
Standard deviation 6.93 6.55 8.20
Correlation coefficient 0.8206** 0.6063** 0.7704**
Coefficient of determination 0.6733 0.3676 0.5935
Regression coefficient 0.6831 0.6027 0.6354
Total sum of squares 19,050.90 22,348.66 50,332.45
Reduction in S.S. due to reg.<= 12,827.28 8,214.59 29,874.16
Deviations from reg. S.S. 6,223.62 14,134.07 20,458.29
Variance of estimate S^e 10.88 26.87 18.598
Standard error of estimate 3.298 5.184 4.313
Standard error of reg. coef. 0.0199 0.0344 0.0159
(t) value for test Ho:b=l 15.93** 11.53** 21.99**
(t) value for test Ho:b=0 34.34** 17.48** 40.00**
Mean difference (error) -2.17 +1.45 _.43
Standard deviation 6.37 6.53 7.51
Standard error of mean 0.3762 0.4020 0.3201
(t) value for test of hypothesis
true mean difference = 0 —5.768** +3.607** _ 1.344
* Error equals adjusted price paid minus price received.
^ Average price paid plus $5.00 margin.
S.S. equals sum ot squares.
**Significant at .01 level.
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$56.48. The difference of —$2.17 in 1956 and +$1.45 in 1957 was sig-
nificant at the 1 percent level while the average difference for the two
seasons of — $.43 was not significant. This indicates that on the average
there was a downward bias in prices paid by ginners in 1956 and an
upward bias in 1957. For the two seasons as a whole, there was no bias
in the average prices paid for seed.
The computed linear regression coefficient was 0.6831 for 1956,
0.6027 for 1957 and 0.6354 for the two seasons combined. Tests revealed
that all of the coefficients were significantly different from 0 and from
1.0 (Table 4). This means that there was a significant but imperfect
relationship between the prices paid and received for cottonseed by gin-
ners. The means x, y of the computed regression line for 1956 lie
above and to the right of the point where the computed line crosses
the unbiased regression line. The means lie below and to the left of the
point where the two lines cross for 1957 and slightly above and to the
right for both seasons combined (Figures 6 and 7). A larger proportion
of the seed was underpriced than overpriced in 1956 and the opposite
situation existed in 1957. For the two seasons combined approximately
equal proportions of seed were under and overpriced.
The standard deviations of the means for prices paid were not as
large as those for prices received. This indicates that the prices paid
did not cover as wide a range as prices received.
There was a considerably higher association between prices paid and
received during 1956 than in 1957. Approximately 67 percent of the
variation in the prices paid for seed in 1956 was linearly associated with
prices received, compared to 37 percent in 1957. For the two seasons
combined 59 percent of the variation in prices paid was linearly
associated with prices received. The standard error of estimate was also
higher in 1957 than in 1956-$5.18 and $3.30, respectively. The stand-
ard error for the two seasons combined was $4.31 (Table 4).
Since the analysis is based upon data consisting of shipments to oil
mills by gins, it is most useful in evaluating the pricing errors for such
lots. Data were not available to determine the grade and actual value
of each individual bale lot of seed comprising each shipment. This is
an additional source of error in the present pricing system. This error
would be measured by the extent to which the grades of individual bale
lots might vary from the average grade of the entire shipment. Thus,
the present pricing system is subject to two types of errors—one in the
form of its failure to reflect accurately the prices received from the oil
mill for each shipment, and the second in the form of the failure of the
gin price to reflect variations in the value of individual bale lots
making up each shipment.
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Price received per ton
57U lots of cottonseed, 1956
Price received per ton
528 lots of cottonseed, 1957
Figure 6.—Relationship between prices paid and actual prices received for cotton-
seed.
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Price received per ton
Figure 7.—Relationship between prices paid and actual prices received, 1102 lots
of cottonseed, 1956-57
The analysis indicates that the present pricing system provides only a
small and uncertain incentive for producers to produce high-grade cot-
tonseed. The producer of high-grade seed gets the same amount for his
seed as the producer of low-quality seed under the present flat price
system. In addition, the tendency of gin prices to underprice high-qua-
lity and overprice low-quality seed tends to penalize producers during
periods when seed quality is high and give them unearned benefits
during periods of low-quality seed production.
The present pricing system involves an element of risk for the gin-
ner. He purchases seed from producers on the basis of an estimate of
what he thinks the quality will be. However, his sales of cottonseed to
the oil mill are based on an official grade analysis of the seed. The
pricing errors in the present system indicate that this element of risk
is quite large.
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Pooled Regressions
The analysis of variance technique was used to test the difference
between the regression coefficients for the two seasons in each district
and for the three districts each season. The regressions were first tested
to ascertain if one regression line could be used to represent both sea-
sons. If the difference between the coefficients was found to be signifi-
cant, a second test was made to ascertain if the slopes of the regression
lines were significantly different. A similar procedure was used to
test differences among districts.
The difference between regression coefficients for the two seasons
was not found to be significant in District I or for all districts combined.
The differences were significant at the 5 percent level in District III
and highly significant in District II (Table 5). The differences between
the regression coefficients for all other combinations of years and dis-
tricts were found to be highly significant except Districts I and II for
1957. This indicated that the pricing errors were different among dis-
tricts and somewhat different between seasons.
TABLE 5.—Analysis of variance of regression coefficients:
of hypothesis about regression coefficients
values of F for tests of
Source of variation d.f.
Can one reg.
line be used? d.f.
Are slopes of
reg. lines equal?
All years:
Districts I, U, III 4-1096 13.05** 2-1096 9.77**
Districts I, H 2-440 18.71** 1-440 19.65**
Districts 11, III 2-699 10.53** 1-699 17.24**
District I, IH 2-1053 10.61** 1-1053 1.31
1956:
Districts I, II, III 4-568 20.68** 2-568 3.16*
Districts I, II 2-212 18.04** 1-212 2.49
Districts II, III 2-382 42.08** 1-382 6.71**
District I, III 2-542 6.25** 1-542 1.63
1957:
Districts I, II, III 4-522 3.85** 2-522 0.77
Districts I, II 2-224 2.24 1-224 1.97
Districts II, III 2-313 19.58** 1-313 0.61
District I, III 2-507 4.99** 1-507 0.29
District I:
1956, 1957 2-395 1.26 1-395 2.36
District II:
1956, 1957 2-41 48.88** 1-41 8.95**
District III:
1956, 1957 2-654 2.75* 1-654 4.11*
All Districts:
1956, 1957 2-1098 2.71 1-1098 4.33
* Significant at .05 level.
** Significant at .01 level.
"Ostle, Bernard. Statistics in Research. Ames, Iowa, Iowa State College Press. 1954.
For a full discussion of the method used see pp. 133-138.
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ALTERNATIVE PRICING SYSTEMS
The precision of any marketing system in reflecting the value of a
product to the owner is limited by the cost of determining the differ-
ences in value. Precision cannot be carried beyond the point where the
cost of determining the differences is greater than the differences them-
selves. Thus, in evaluating any alternative pricing system, one must
consider its effect on both pricing efficiency and operational efficiency.
The relationship between the two will determine whether or not the al-
ternative system warrants adoption.
Several methods of pricing cottonseed at the ginner market could be
used. The estimation of grades by ginners and the resulting pricing
errors in the present system suggest the need for alternatives which
more accurately reflect grade variations in prices. Three such alterna-
tives would be to market cottonseed on the basis of (1) the actual grade
of each individual bale lot of seed; (2) the grade of seed in each ship-
ment to the oil mill, and (3) an estimate of the grade of each individual
lot based on the measurement of one or more of the factors affecting
grade. In considering each of the alternatives, it is assumed that the
present official grading system accurately reflects the true quality dif-
ferences in cottonseed, that the oil mill base price accurately reflects
consumer demand for cottonsed products and that the premiums and
discounts for grade above and below the basis grade accurately reflect
the value differences between grades.
Actual Grades
The optimum in pricing efficiency would be achieved if each in-
dividual bale lot of cottonseed were sold on the basis of its grade. This
would involve taking a sample of each bale lot of seed, having an of-
ficial grade analysis made and pricing the seed on the basis of its
grade and the oil mill base price at the time of sale. Since the present
system of grading is too elaborate, too expensive and time consuming
for use on the small lots of cottonseed purchased by the ginner from
producers, this method is clearly impractical at this time.
Grade of Each Shipment
Optimum pricing efficiency would be achieved by this method in so
far as reflecting the variation in prices received by ginners is concerned.
It would be something less than the optimum in terms of pricing
efficiency for individual lots of cottonseed. Pricing errors would be
present to the extent that the grades of the individual lots varied from
the grade of the shipment. One might expect this error to be quite small
in areas w^here varieties, soils, cultural practices, and growing and
harvesting conditions were highly uniform. In practice, the use of this
30
system would mean that the ginner would have to delay settlement on
his purchase of seed until he obtained the official grade analysis and oil
mill price on each shipment or make a partial payment at the time
of ginning, with a final settlement after the grade analysis was ob-
tained. This would involve considerable change from the present cus-
tom of deducting the ginning charge from the seed payment and mak-
ing immediate settlement for the balance. No data are available at the
present time to ascertain the variability in grade of individual lots of
seed making up a shipment. Such data are necessary in order to deter-
mine the extent of the pricing errors involved in the use of such a
system. Although this method would be an improvement over the
present system, the problems associated with changing to the system and
the fact that it does not eliminate pricing errors for individual lots
leave much to be desired.
Estimated Grades
Purchasing cottonseed at the gin on the basis of estimated grades
would have the advantage of reflecting variations in individual lots
of seed and at the same time would lend itself to practical application.
Pricing errors would be limited to the extent of the errors in estimat-
ing grades. The analysis of three such systems of estimating grade and
the resulting reductions in pricing errors as compared with the present
system are discussed in the following sections.
ALTERNATIVE METHODS OF ESTIMATING
COTTONSEED GRADES
The present standards for grades of cottonseed sold or offered for
sale for crushing purposes within the United States specify that the grade
of cottonseed be obtained by multiplying a quantity index by a quality
index and dividing the result by lOO.^^ standards specify that the
quantity index be determined by the percentage of oil and ammonia
in the seed plus an applicable linters premium or discount. They specify
that the quality index be determined by the percentage of foreign matter
and moisture in the seed and the percentage of free fatty acids in the
oil in the seed. The six factors affecting cottonseed grade under the
present standards, therefore, are: percentages of oil, ammonia, foreign
matter, and moisture in the seed, the percentage of free fatty acids in
the oil, and a linters factor.
^^U. S. Department of Agriculture, Agricultural Marketing Service, Cotton Divi-
sion. Standards for Grades of Cottonseed Sold or Offered for Sale for Crushing
Purposes Within the United States. Service and Regulatory Announcement No.
A.M.S. 179. April 1958. pp. 1-4.
31
The approach to the development o£ the grade estimates was
guided by the hypothesis that some o£ the factors affecting grade have
a higher relationship to grade than others. A second hypothesis was that
certain grade factors are correlated with grade sufficiently to be used
to estimate grade. An important consideration in the selection of
the grade factors was the practicability of their application and use in
actual practice.
Multiple regression analysis of the effects of the various grade factors
on the grade of cottonseed has shown that oil quality (free fatty acid)
is the most important and quantity of oil is the second most important
factor affecting grade. Moisture and ammonia content ranked third
and fourth, respectively, while foreign matter content was found to
have a negligible effect on cottonseed grade. The linters content was
not a factor of grade at the time the analysis was made.
The United States Department of Agriculture has been working to
develop an economical method of seed analysis to be used at the cotton
gin. Up to the present time satisfactory methods of analysis have been
developed to determine the oil'" and moisture" content of the seed, but
no complete method of grade analysis is available.
As indicated above, oil and moisture are two of the more important
factors affecting grade. Oil content is an important factor in determin-
ing the quantity index while moisture content is an important factor in
determining the quality index.
These developments suggest three possible alternative methods of
estimating cottonseed grades at the gin based on (1) the moisture con-
tent alone, determined by use of the electrical conductivity method;
(2) the oil content alone, determined by the dielectric method, or (3) a
combination of both oil and moisture contents. Separate regression analy-
ses were calculated for each of the possible alternatives. Scatter diagrams
were also used to ascertain the relationship of the factors to grade.
Regression of Grade and Moisture Content
Moisture determinations through the use of the USDA moisture
meter are simply and quickly performed. Its use would require less in
the way of operational changes than either the use of the oil meter alone
or the use of both meters together. Even though moisture ranked third
in importance as a factor affecting grade, these operational efficiency
"Whitten, Marion E., and Holaday, Charles E. Rapid Method for Determining
the Oil Content of Cottonseed. U. S. Department of Agriculture, Agricultural
Marketing Service, Cotton Division. AMS-72. 1955.
"Whitten, Marion E., and Holaday, Charles E. Electric Meter for Rapid Measure-
ment of Moisture in Cottonseed. U. S. Department of Agriculture, Agricultural
Marketing Service, Cotton Division, Marketing Research Report 162. 1957.
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aspects suggest it be given first consideration as a basis of grade esti-
mation.
It was impossible to obtain actual oil and moisture determinations
through the use of the two meters for this phase of the study. The cost
of obtaining such data would have exceeded the funds available for the
study. The oil and moisture contents as determined by the official
methods were obtained from the official grade analysis of each lot
of seed included in the study. Since the meters have been recom-
mended as alternatives to the present official methods of oil and mois-
ture determination, it was assumed that official determinations would
approximate those that would have been obtained if the meters them-
selves had been used. Differences in determinations between the two
methods would be a source of error in the analysis.
In the first stages of the analysis the data were examined by graphical
methods. The grade-moisture content data for observations in the
three districts and two seasons were plotted on separate graphs. The
scatter diagrams showed a pattern of negative relationship between
grade and moisture content. However, the relationship differed great-
ly between seasons. When all of the observations were combined into
one scatter diagram, it formed a curved, horn-shaped distribution of
dots. There was a relatively small scatter of dots at the upper left hand
part of the diagram and the scatter became wider as it curved downward
to the right (Figure 8).
Neither a linear nor a curvilinear relationship tended to fit the
data very closely. There was considerable variation about the free-hand
fitted lines. Since it was not possible to determine these relationships
precisely from the graphs, least squares regression techniques were
used to derive more definitive and meaningful measures of the as-
sociation between grade and moisture. Neither the linear nor the
curvilinear regressions were found to fit the data satisfactorily.
The fact that oil quality (free fatty acid content) was the most
important grade factor and that the average acid content was considerably
higher during the 1957 season than in the 1956 season indicated that it
may be exerting an influence on the grade-moisture relationships. Ap-
praisal of supplemental data and further graphic analysis indicated a
natural grouping of the data into three groups based upon their free
fatty acid content as follows: (1) seed containing 2 percent or less free
fatty acid, (2) seed containing 2.1 to 4.9 percent free fatty acid and (3)
seed containing 5 percent or more free fatty acid. It was found that only
during abnormal seasons would there be any appreciable amount of seed
^^Snedecor, George W. Statistical Methods. Fourth Edition. Ames, Iowa, Iowa
State College Press. 1953. For discussion of method used see pp. 103-124.
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Figure 8.—Relationship between moisture contents and grades, 1,102 lots of cotton-
seed.
containing 5 percent or more free fatty acids. During normal seasons in
Louisiana one could expect 90 percent or more of tfie seed to contain
less than 2 percent free fatty acid.
It was further noted that the average free fatty acid content of
seed during any season tended to increase as the season progressed and
in normal seasons one could expect acid contents exceeding 2 percent
to occur only in the latter part of the ginning period. The acid content
of seed in the 5 percent or more free fatty acid group ranged as high as
31 percent. However, the number of observations of the higher acid
content ^eed were inadequate to make any further breakdown in the
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data for this group. In addition, the fact that no method was available
for the gin determination of the free fatty acid content made it im-
practical to subdivide the data further. It is anticipated that ginners
will be able to ascertain the changes in free fatty acid content from
one group to another fairly accurately through contacts with the oil
mill, other ginners and their own official grade returns on oil mill ship-
ments throughout the season.
Scatter diagrams of the data for the three groups showed a negative
linear pattern of relationship between moisture and grade in all ex-
cept the 5 percent or more acid group. No relationship could be as-
certained for this group because of the wide scatter of observations.
Single variable linear regressions of grade on moisture content were com-
puted for each free fatty acid grouping. In addition, the variance of the
estimate, standard error of estimate, correlation coefficient and coef-
ficient of determination were calculated. The standard error of the
estimate was reduced from 9.81 to 2.83 for the 2 percent or less free
fatty acid group as compared with that of the regression involving all
observations; the standard error of the 2.1 to 4.9 percent group was re-
duced to 7.50 (Table 6). No significant relationship was found between
moisture and grade in the 5 percent or more free fatty acid group,
indicating that at this level of free fatty acid, moisture could not be used
as a predictor of grade. The effect of the high acid contents on grade
obscured any relationship that may have existed between moisture and
grade at this level.
Estimation Equations
Least squares estimation equations using moisture content as the
independent variable were computed for each of the three free fatty
acid groupings of the data. The resulting equations were:
(1) 2 percent or less free fatty acid: Y — 108.28 _ 0.788 X
(2) 2.1* to 4.9 percent free fatty acid: Y — 112.77 _ 1.587 X
(3) 5 percent or more free fatty acid: Y — 84.10 0.812 X
Where X = the moisture content of the lot of seed (percent) and
Y = the estimated grade (index).
The estimated grade for a lot of seed within any free fatty acid group
can be derived by inserting the moisture content of the lot in the applica-
ble estimation equation. It should be remembered, however, that the esti-
mates would be valid only for lots of cottonseed with moisture contents
within the range of the lots actually observed in the study. In addition, it
must be remembered that grades esnmated from the equation are only
estimates and are subject to error. Grade can be estimated most precisely
when the moisture content equals the mean moisture content of the sam-
ple, and the further the moisture content is from the mean, the less precise
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TABLE 6,—Summary analysis of regression of grade on moisture content, by speci-
fied free fatty acid groupings
,
Items measured or
computed
Number of observations
2% or less
FFAa
718
2.1 to 4.9%
FFA
228
5% or more
FFA
156
Moisture content:
Mean 9.3 12.33 12.48
Grade index:
Mean 100.1)3 93.20 73.97
Correlation coefficient
Coefficient of determination
Regression coefficient
Total sum of squares
Reduction in S.S. due to
regression^
Deviation from reg. S.S.
Variance of estimate S^e
Standard error of estimate
Value of Y X = 0
0.4996*
0.2496
— 0.7880'
7,634.11
1,905.82
5,728.29
8.00
2.83
+108.28
0.2992*^
0.0896
—1.5870*^
13,968.28
1,250.86
12,717.42
56.27
7.50
+112.77
0.1065
0.0114
—0.8117
28,555.96
324.18
28,231.78
183.32
13.54
+84.10
FFA equals free fatty acid.
S.S. equals sum of squares.
** Significant at .01 level.
the estimate will be.^*^ In view of the small range of the data in each group,
one could expect this type of error to be quite small.
Errors in Estimating Grade
The estimated grades of all lots of seed in each acid group were
calculated using the appropriate equation developed above. The same
procedure was followed to examine the errors in the estimated grades
as was used to analyze the errors in prices paid for seed by ginners. The
analysis was made for each of the three free fatty acid groups, for the
2 percent or less and the 2.1 to 4.9 percent groups combined, and for all
groups combined.
The average actual grade^^ of cottonseed was 100.93, 93.20 and 73.97
for the 2 percent or less, 2.1 to 4.9 percent and 5 percent or more
free fatty acid groups, respectively. The average estimated grades for the
three groups were 100.93, 93.19 and 73.97, respectively (Table 7). The
small differences in the means were not significant. This indicated that
there was no bias on the average in the estimates of grades based on
moisture content alone.
^"Ostle, Bernard. Statistics in Research. Ames, Iowa, Iowa State College Press. 1954.
For full discussion of error see pp. 148-151.
"Actual grade refers to the official grade analysis of each lot of cottonseed as ob-
tained from the oil mill. Estimated grade refers to the grade calculated by use of the
estimation equations developed in the study.
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This does not mean, however, that there were no errors in the grade
estimates, since it is possible that some grades may be overestimated
while others are underestimated. To determine the extent of this type of
error in the estimates, the linear regression of the estimated grades on
the actual grades was computed. The regression coefficient was 0.2495,
0.0895 and 0.008 for the 2 percent or less, 2.1 to 4.9 percent and 5 per-
cent or more free fatty acid groups. If the estimated and actual grades
were identical for each group these coefficients would be 1.0. Tests
revealed that the coefficients were all significantly different from 1.0,
indicating that the relationship between the estimated and actual
grades was not perfect. The linear regression lines (B = 1
.0) pass through
the means x, y, indicating that on the average the grades in each group
were not biased (Figure 9). However, the computed regression lines are
below the unbiased regression line when the grades are higher than the
mean, indicating that on the average these grades are underestimated.
The computed lines are above the unbiased line when the grades are
below the mean, indicating that on the average these grades are over-
estimated. This type of error was smallest for the 2 percent or less
acid group and largest for the 5 percent or more group. The scatter
of the dots about the unbiased regression line indicates that the
errors are quite large for the 5 percent group. The dots lie in a long
narrow band across the graph and tend to be concentrated around the
means x, y on the right hand side of the graph. This indicates that er-
rors in estimating the very low grades are quite large, but that the
errors for the higher grades in this group would be considerably
smaller. The scatter of dots about the unbiased lines is much smaller
for the other two acid groups.
The standard deviation of the mean for the estimated grades was
1.63, 2.35 and 1.22 for the 2 percent or less, 2.1 to 4.9 percent and 5
percent or more free fatty acid groups, respectively, while the corres-
ponding standard deviations for the actual grades were 3.26, 7.84 and
13.57. This indicates that approximately two-thirds of the estimated
and actual grades would not vary above or below the mean by more
than these amounts. The standard deviations of the means of the esti-
mated grades were smaller for each group than the corresponding de-
viations for the actual grades, indicating that the estimated grades did
not have as wide a range as the actual grades. This reflects a tendency
of the estimated grades to cluster around the means.
The standard error of estimate was 4.46, 2.24 and 1.22 for the three
groups, respectively. This indicates that the estimated grades would
overestimate or underestimate the actual grade of approximately one-
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ihird of the lots ol cottonseed by this amount, or more, if the observed
regressions were used to correct the errors in the estimated grades.
Twenty-five percent of the variation in the estimated grades for the
2 percent group was Hnearly associated with the actual grades and 9
percent in the 2.1 to 4.9 percent group. Less than 1 percent of the varia-
tion in the estimated grades for the 5 percent or more groups was
linearly associated with actual grades. Tests revealed a non-significant
relationship between estimated and actual grades in the 5 percent or
more acid group. This was to be expected in view of the non-significant
relationship between moisture and grade in this group. The use of
0 10 20 30 ho So 60 70 80 90
Actual grade
156 lots of cottonseed, 5 percent or more free fatty acid
100
90
80 t
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8090 100 110
Actual grade
718 lots of cottonseed,
2 percent or less free
fatty acid
Figure 9.—Relationship between moisture-estimated grades and actual grades of
cottonseed, by free fatty acid groups.
90 100
Actual grade
228 lots of cottonseed,
2.1 to U» 9 percent free
fatty acid

moisture alone to estimate the grade of cottonseed containing 5 per-
cent or more free fatty acid can not be recommended on the basis of
the resiiks of tliis study. The analysis of grading errors for this group
was included for comparative purposes only.
If grade estimates were to be made on the basis of moisture con-
tent, it was contemplated that the ginner would use each estimation
equation in turn as the free fatty acid content increased from one level
to the next succeedingly higher one. In order to ascertain the errors
involved over the entire range of possible acid contents, the combined
results of using all three estimation equations were considered.
The average estimated grade for all lots of cottonseed in the study
was 95.51 while the average actual grade was 95.52 (Table 7). The
small difference in the means was not significant, indicating that there
was no bias on the average in the estimated grades.
The computed linear regression coefficient was 0.6769. Tests revealed
that the regression coefficient was significantly different from 0 and 1.0,
indicating a significant but imperfect relationship between the esti-
mated and actual grades. The unbiased regression line (B = 1.0) passes
through the means x, y, indicating that on the average the estimated
grades were unbiased. However, the computed regression line lies be-
low the unbiased line for grades higher than the mean and above
for grades below the mean (Figure 10). This means that on the average
the higher grades are underestimated and the lower grades are over-
estimated. Since the regression coefficient for all observations is consid-
erably larger than for any one of the groups, the average error of
overestimating and underestimating grades below and above the mean
is not as great for all observations as it is for the individual groups. The
difference in the standard deviation of the mean is also smaller for all
observations. These relationships were expected in view of the fact that
the unbiased regression line (B = 1.0) passes through the means x, y
of all three groups of data.
Approximately 68 percent of the variation in the estimated grades
was linearly associated with the actual grades while 32 percent was un-
explained. The standard error of estimate was 5.36. It is obvious from
the graph that the standard error is not the same throughout the scat-
ter diagram. The standard error for the combined groups is an average
of the errors for each of the groups.
Although moisture content can not be used to estimate the grade of
seed containing 5 percent or more free fatty acid, it is anticipated that it
may be used to estimate grade for cottonseed containing less than 5
percent free fatty acid during seasons when higher acid contents do not
occur. In view of this, the estimated grades for the 2 percent or less
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and 2.1 to 4.9 percent acid groups were combined for analysis. The
results in general were similiar to those for all groups. The computed
regression coefficient was reduced to 0.4226, the standard error of es-
timate to 2.87 and the coefficient of determination to 0.4226. On the
average there was no bias in the grade estimates. However, those grades
above the mean were underestimated while those below were overesti-
mated. This type error was somewhat larger than for all observations
combined because of the smaller regression coefficient.
Regression of Grade and Oil Content
Oil content is the second most important factor affecting cottonseed
grades. Oil determinations by the USDA oil meter, however, are not
as simply and quickly performed as are moisture determinations. Also,
the original cost is somewhat higher for the oil meter than for the
moisture meter and more skill is required for its operation. Grade es-
timates based on oil content alone, therefore, were considered to be sec-
ond in importance from the standpoint of operational efficiency alone.
The same procedure was followed to analyze the relationship be-
tween oil content and cottonseed grades as was used for moisture.
The data were divided into three groups on the basis of the free
fatty acid content: (1) 2 percent or less; (2) 2.1 to 4.9 percent, and (3)
5 percent or more free fatty acid in the oil in the seed. Single variable
linear regressions of grade on oil content were computed for each acid
grouping. All of the regression coefficients showed a positive relation-
TABLE 8.—Summary analysis of regression of grade on oil content, by specified
free fatty acid groupings
Items measured or
Computed
Number of observations
2% or less 2.1 to 4.9% 5% or more
FFAa FFA FFA
718 228 156
18.35 18.24
93.20 73.97
0.2550** 0.3801**
0.0651 0.1445
+2.9856** +7.1319**
13,968.28 28,555.96
909.92 4,127.07
13,058.36 24,428.89
57.78 158.63
7.60 12.60
+38.41 -56.12
Oil content :
Mean 18.26
Grade index:
Mean 100.93
Correlation coefficient 0.8415**
Coefficient of determination 0.7082
Regression coefficient +3.6860**
Total sum of squares 7,634.11
Reduction in S.S. due to regression'' 5,406.50
Deviation from reg. S.S. 2,227.61
Variance of estimate S-e 3.11
Standard error of estimate 1-76
Value of Y X = 0 +33.62
=1 FFA equals free fatty acid.
^ S.S. equals sum of squares.
Significant at .01 level.
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ship between the oil content of the seed and cottonseed grade. The
standard error of estimate was 1.76 compared to 2.81 for moisture in
the less than 2 percent acid group; 7.60 compared to 7.50 in the 2.1
to 4.9 percent acid group, and 12.60 compared to 13.54 in the 5 per-
cent or more acid group (Table 8). Approximately 71 percent of the
variation in oil contents was associated with variations in the grades
of the seed in the 2 percent or less acid group, while only 7 and 14
percent was so associated in the 2.1 to 4.9 percent and 5 percent or more
acid groups, respectively. All of the regressions were found to be sig-
nificant at the 1 percent level.
Estimation Equations
Least squares estimation equations using the oil content as the in-
dependent variable were computed for each of the three acid groups.
The resulting equations were:
(1) 2 percent or less free fatty acid: Y — 33.62 _[_ 3.686 X
(2) 2.1 to 4.9 percent free fatty acid: Y — 38.41 2.986 X
(3) 5 percent or more free fatty acid: Y = _56.12 7.132 X
Where X = the oil content of the lot of seed (percent) and Y = the esti-
mated grade (index).
The estimated grade for a lot of cottonseed within any free fatty acid
group can be derived by inserting the oil content of the lot in the applica-
ble estimation equation. These estimates are subject to the same limita-
tions as indicated for those based on moisture content.
Errors in Estimating Grade
The estimation equations developed above were used to estimate the
grade of all lots of seed in the appropriate acid groups. The same pro-
cedures were followed to analyze the errors of the grade estimates as were
used for moisture.
The average actual grade of cottonseed was the same for each
acid group as that in the moisture analysis. The average estimated
grades for the three groups were 100.92, 93.22 and 73.98 for the 2 per-
cent or less, 2.1 to 4.9 percent and 5 percent or more acid groups,
respectively (Table 9). The small differences in the means were not
significant, indicating that there was no bias on the average in the
estimates of grade based on oil content alone. The computed regression
coefficient was 0.7218, 0.0646 and 0.1443 for the three acid groups,
respectively. The coefficients for the 2 percent or less and 5 percent or
more groups were considerably higher than the corresponding coef-
ficients for the moisture estimated grades. All of the coefficients were
found to be significantly different from 1.0, indicating that the rela-
tionship between the estimated and actual grades was not perfect. Like
the moisture data, the linear regression lines (B = 1.0) pass through
43
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the means x, y, indicating that on the average the lower grades in each
group are overestimated and the higher grades are underestimated
(Figure 11). This type error was considerably smaller in the 2 percent
or less acid group, slightly higher in the 2.1 to 4.9 percent group and
considerably smaller in the 5 percent or more acid group, for the oil
estimated grades as compared with the moisture estimated grades. The
scatter o£ dots about the unbiased regression line was considerably small-
er in the 2 percent or less acid group than in the other two groups.
It was also smaller than for the corresponding group for the moisture
grades, indicating a smaller error in the grade estimates.
The standard deviation of the mean was smaller for the estimated
grades than for the actual grades in each group, with the smallest dif-
ference being found in the 2 percent or less acid group. The estimated
grades showed more of a tendency to cluster around the mean than did
the actual grades.
0 10 20 30 kO 50 60 70 80 90
Actual price
156 lots of cottonseed, 5 percent or more free fatty acid
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100
90
0 w 100 no^
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718 lots of cottonseed,
2 percent or less free
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Figure 11.—Relationship between oil-estimated grades and actual grades of cotton-
seed, by free fatty acid groups.
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The standard error of estimate was 1.51, 1.91 and 4.53 for the three
acid groups, respectively. Each standard error of estimate was less than
that for the moisture analysis except in the 5 percent or more acid
group.
Approximately 71 percent of the variation in the estimated grades
was linearly associated with the actual grades in the 2 percent or less
group, 7 percent in the 2.1 to 4.9 acid group and 16 percent in the 5
percent or more acid group. These percentages were considerably high-
er in the 2 percent and less and the 5 percent or more acid groups
than they were for the corresponding groups for moisture grade es-
timates.
The average estimated grade for the combined grouj^s was 95.49 while
the average actual grade was 95.52 (Table 9). The small difference in the
means was not significant, indicating that there was no bias on the
average in the estimated grades for all lots of seed.
The computed regression coefficient for the combined groups was
0.7456. Tests revealed that the regression coefficient was significantly
different from 0 and 1.0. This indicated a significant but imperfect
relationship between the oil estimated grades and actual grades. The
unbiased regression line (B — 1.0) passes through the means x, y, in-
dicating that on the average the estimated grades were unbiased. How-
ever, the computed line lies below the unbiased line for grades higher
than the mean and above for grades below the mean (Figure 12).
This means that on the average the oil estimated grades underestimate
the higher grades and overestimate the lower grades. This type error
was smaller for the oil estimated grades than for the moisture estimated
grades and was smaller than that found in any of the individual acid
groups.
Approximately 73 percent of the variation in the estimated grades
was linearly associated with the actual grades compared to 68 percent
for the moisture estimated grades. The standard error of estimate was
5.22.
Multiple Regression of Grade, Oil Content and Moisture Content
In order to make use of both the oil and moisture content of seed in
estimating grade, the ginner would have to purchase both USDA meters
and perform two tests on each lot of seed purchased. Not only would the
cost of both meters be larger than for any single one, but also the time
and skill required to make the two tests would be increased beyond that
required to perform either one alone. It may be anticipated that the
accuracy of the grade estimates using both factors will be greater than
that obtained by using either one alone. However, unless this increased
46
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efficiency more than offsets the decrease in operational efficiency
occasioned by the use of both, it would not be considered practical.
The same procedure was followed to analyze the relationship between
oil, moisture and grade as was used in the single variable analysis. The
data were divided into three groups on the basis of free fatty acid con-
tent, and multiple linear regressions of grade on oil and moisture con-
tent were computed for each acid grouping. Snedecor's^^ direct method
of computation for three varieties was used for the analysis. The standard
error of estimate was 1.34, 7.41 and 12.62 for the three acid groups,
respectively (Table 10) . The coefficient of determination was 0.833,
0.115 and 0.147 for the three acid groups, all of which were higher
than the corresponding coefficients for the oil or moisture variables
alone. The partial regression coefficients for oil content were positive,
while those for moisture were negative, with the exception of the 5
percent or more acid group. This means that grade increased with
each unit increase in oil content and decreased with each unit increase
in moisture content, except in the high acid group, where grade increased
as moisture increased. All of the regressions were found to be significant
at the 1 percent level.
TABLE 10.—Summary analysis of multiple regression of grade on oil and moisture
content, by specified free fatty acid groupings
Number of observations
Items measured or 2% or less 2.1 to 4.9% 5% or more
computed FFAa FFA FFA
718 228 156
Moisture content;
Mean 18.26 18.35 18.24
Oil content:
Mean 9.33 12.33 12.48
Grade index:
Mean 100.93 93.20 73.97
Correlation coefficient 0.9127** 0.3398** 0.3833**
Coefficient of determination 0.8330 0.1155 0.1469
Partial reg. coef.-oil +3.4019 +2.0093 +7.4803
Partial reg. coef.-moisture —0.5665 -1.2696 +0.4686
Total sum of square 7,634.11 13,968.28 28,555.96
Reduction S.S. due to reg.*> 6,359.44 1,612.87 4,194.63
Deviation from reg. S.S. 1,274.67 12,355.41 24,361.33
Variance of estimate S^e 1.78 54.91 159.22
Standard error of estimate 1.34 7.41 12.62
Value of Y X = 0 +44.10 +71.99 -68.32
" FFA equals free fatty acid.
^ S.S. equals sum of squares.
**Significant at .01 level.
^**Snedecor, George W. Statistical Methods. Fourth Edition. Ames, Iowa, Iowa
State College Press. 1946. pp. 364-369.
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Estimation Equations
Multiple least squares estimation equations using the oil and mois-
ture content as independent variables were calculated for each of the
three acid groups. The resulting equations were:
(1) 2 percent or less free fatty acid: Y = 44.10 _|_ 3.402 _ 0.567 X.
(2) 2.1 to 4.9 percent free fratty acid: \ — 71.99 2.009 _ 1.270 Xo
(3) 5 percent or more free fatty acid: Y — 68.32 -j- 7.480 X^
_^ 0.469 X,
Where Xi = the oil content of the lot of seed (percent)
,
and Xs = the
moisture content of the lot of seed (percent) and Y = the estimated
grade (index).
The estimated grade for a lot of cottonseed ^vithin any free fatty acid
group may be derived by inserting the oil and moisture contents of the
lot in the applicable estimation equation. The estimated grades ob-
tained are subject to similar limitations as those indicated for the single
variable equation estimates.
Errors in Estimating Grade
The three equations devloped above were used to estimate the
grade of all lots of seed in the appropriate acid groups. The average
estimated grades for the three acid groups ^\ere 100.93, 93.20 and 73.98,
while the average actual grades were 100.93, 93.20 and 73.97 (Table 11).
There was no difference in the means for the first t^vo groups. The
-f .01 difference for the 5 percent or more free fatty acid group was not
found to be significant. This means that there was no bias on the av-
erage in the grade estimates based on the oil and moisture content of
the seed. The computed regression coefficients for the three acid groups
were 0.8325, 0.1155 and 0.1466, respectively. All of the regression co-
efficients were found to differ significantly from 1.0, indicating an im-
perfect relationship bet^veen the variables. The unbiased regression lines
(B = 1.0) pass through the means x, y, indicating that on the average
the lower grades in each group are overestimated ^vhile the higher
grades are underestimated (Figure 13). This type error was very small
for the 2 percent or less acid group and was smaller for all groups than
the corresponding error for either moisture or oil alone. The scatter of
the dots about the unbiased regression line ^vas also smaller, indicating
a smaller grade error.
Approximately 83 percent of the variation in the estimated grades
was linearly associated ^vith the actual grades in the lo^v free fatty acid
group, 12 percent in the 2.1 to 4.9 acid group and 16 percent in the 5
percent or more free fatty acid group. The standard error of estimate
was 1.22, 2.52 and 4.53 for the three groups, respectively.
The average estimated grade for the combined groups was 95.51
while the average actual grade was 95.52. The small difference in the
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Figure 13.—Relationship between oil-moisture-estimated grades and actual grades
of cottonseed, by free fatty acid groups.
means was not significant, indicating no bias on the average in the
estimated grades.
The computed regression coefficient for the combined groups was
0.7371. Tests revealed that the regression coefficient was significantly
different from 0 and 1.0. The unbiased regression line (B = 1.0) passes
through the means x, y on the computed line. The computed line
lies below the unbiased line for grades higher than the mean and
above the line for grades lower than the mean (Figure 14) . This means
that on the average the oil-moisture estimated grades also underestimate
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the higher and overestimate the lower grades of cottonseed. The over
and underestimates were not as great, however, as those for moisture
and were only slightly larger than those for oil estimated grades.
Approximately 74 percent of the variation in the estimated grades
were linearly associated with the actual grades. The standard error of
estimate for the combined groups was 5.01.
This analysis has been based upon data pertaining to lots of cotton-
seed as shipped by the ginner to the oil mill. It is logical to assume,
however, that the same accuracy of the grade estimates, using the
various alternative methods, could be expected if they were applied
to individual bale lots of seed as purchased by the ginner. The es-
timated grade of each individual bale lot of seed may be obtained
through the use of the appropriate prediction equation for each alter-
native. If a random sample of seed is obtained for the moisture and oil
determinations on each individual bale lot and for the shipment, then
the oil and moisture content for the shipment should equal the average
of all the individual bale lots making up the shipment. Thus, the use of
the estimating equations will not only allow the ginner to estimate the
grade of each individual lot of seed, but it will also enable him to esti-
mate the average grade of each shipment to the mill.
The regression equations presented in this section may be thought of
as theoretical grade standards for grading cottonseed at the gin. They
are in a form that can be used in grading operations at the gin through
the use of the appropriate USDA meters. If the use of the meters is prac-
tical in terms of operational efficiency considerations, the equations may
be used to sort cottonseed at the gin according to its quality.
PRICES PREDICTED ON THE BASIS OF ESTIMATED GRADES
The three alternative methods of estimating cottonseed grades may
be directly compared to ascertain the efficiency of each in comparison
with the others. However, since no data were available on the grades
as presently estimated by ginners, the accuracy of the alternative grade
estimates as compared with the system now in use could not be di-
rectly determined. The only way in which a comparison may be made
is in terms of pricing accuracy. In order to do this, all of the estimated
grades for each alternative method were converted into the form of
predicted prices. This was accomplished by multiplying the estimated
grade by the applicable oil mill base price for each lot of cottonseed.
This method of predicting prices is based upon the assumption that the
oil mill base price is known with certainty and the ginner is informed
in advance of any changes in the base price. This is a logical assumption
in view of the competition among mills for seed and the close contact
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between oil mills and their gin customers throughout the ginning sea-
son. Conversations with ginners during the collection of field data for
the study confirmed this relationship. Ginners reported that the oil
mills generally notified them of changes in the base price either by
phone or by letter before putting the changes into effect.
In the analysis of pricing errors in the present system, a similar
assumption was made and the evaluations of pricing errors were made
on this basis. To the extent that this assumption may be in error, part
of the improvement in pricing accuracy through the use of the three
alternative methods of estimating grade may be because of the greater
accuracy in reflecting base price changes. This would in no way de-
tract from the importance of any overall reduction in pricing errors
that may be obtained by using the proposed alternatives. It would only
be a matter of concern in determining more precisely the amount of
the reduction in errors that may be the result of each cause.
Another basic assumption made in the analysis of pricing errors for
the present system was that of constant margins. This assumption is more
likely to be subject to some error. It is logical to assume that the in-
dividual ginner will attempt to maintain a constant margin on all
seed transactions and that competition among gins within any area would
tend to equalize these margins among gins. However, differences in
margins among gins may occur because of differences in trade practices
and to the extent that they do, pricing errors evaluated on the basis of
constant margins would be affected. This factor would not detract
from the overall analysis of pricing errors between the present and
suggested alternative methods. It would be of importance only as a
factor affecting prices paid by ginners under the present system.
All of the proposed alternative pricing systems are, in effect, methods
of predicting the price that will be received from the oil mill for each
lot of seed. The accuracy of the alternative systems may be evaluated
on the basis of how closely the predicted prices^^ are associated with the
actual prices received. In the practical application of the alternative
systems the ginner may deduct any size margin he may desire without
affecting the accuracy of the predicted prices in reflecting variations
in the actual prices received.
Price Prediction Equations
The price received for cottonseed from the oil mill is determined
by multiplying the grade (grade index) by the current oil mill base price
^^"Predicted prices" refer to prices calculated on the basis of theoretical grade
standards developed in the study. They are predictions of the prices that will be
received from the oil mill when the seed are sold. "Actual prices" received refer to
the prices the ginner received when the seed were sold to the oil mill.
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per ton. The oil mill base price is quoted for basis grade seed (grade
index 100). Grades above 100 multiplied by the base price result in
premiums above the base price and grades below 100 result in discounts
below the base price. This type of pricing system may be described by
a pricing model of the form P = G (B), where P equals price received,
G equals grade index and B equals the base price for basis grade seed.
Corresponding pricing models were developed to convert the estimated
grades, computed with the three alternative estimation equations, into
predicted prices.
Three pricing equations were formulated for each alternative, re-
presenting the three free fatty acid groupings under each. A total of
nine prediction equations were formulated for use in the analysis. For
practical application of the alternative systems, the predicted prices may
be calculated for all possible observations applicable to each equation,
at various specified base prices. By placing the data in tabular form
the user would be able to read directly from the table the predicted
price for any designated combination of factors involved. It must be
remembered, however, that any predictions based on data outside the
range of the observations in the study would be very risky and not
recommended.
Accuracy of Predicted Prices
The same procedures were used in the analysis of pricing errors for
the predicted prices as were used in the analysis of errors in the prices
paid and in the analysis of errors in estimated grades. Pricing errors for
each alternative system were evaluated as well as those for the three free
fatty acid groups under each. No adjustments were made for margins
since the predicted and actual prices received are directly comparable
in this analysis.
Moisture-Grade Predicted Prices
The three price prediction equations computed on the basis of the
moisture-grade estimates were as follows:
(1) For seed containing 2 percent or less free fatty acid:
P' = 108.28 _ 0.788 X (C)
(2) For seed containing from 2.1 to 4.9 percent free fatty acid:
P' = 112.77 _ 1.587 X (C)
(3) For seed containing 5 percent or more free fatty acid:
P' — 84.10 _ 0.812 X (C)
In each equation X is the moisture content, C is the oil mill base price
for basis grade seed (grade == 100) and P' is the predicted price.
The predicted price for any lot of seed may be calculated by in-
serting the applicable moisture content and oil mill base price in the
appropriate acid content equation. The same limitations will apply to
the predicted prices as were applicable to the estimated grades.
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The predicted prices of all lots of seed in each acid group were
computed by use of the above equations. These data were then sub-
jected to pricing error analysis.
The average predicted price based on the moisture-grade estimates
was $60.11, $53.50 and $42.85 for the 2 percent or less, 2.1 to 4.9 per-
cent and 5 percent or more free fatty acid groups, respectively. The
average price received was $60.16, $53.22 and $44.34, respectively. The
differences of — .05 and +.28 for the 2 percent or less and 2.1 to 4.9
percent acid groups were not significant. The difference of — 1.49 for the
5 percent or more acid group was highly significant (Table 12). This
indicates that on the average there was no bias in the predicted prices
for the two lower acid groups, while there was a significant downward
bias in the five percent or more group. This means that in normal
seasons, when free fatty acid contents would not be expected to exceed
4.9 percent, predicted prices based on moisture-grade estimates would,
on the average, equal actual prices received. In seasons during which
the free fatty acid content of some lots of seed exceed 5 percent, the
predicted prices for this group would, on the average, underestimate
the actual prices received for the seed.
The computed linear regression coefficients for the three acid groups,
were 0.8670, 0.7546 and 0.0770, respectively. Tests revealed that all of
the coefficients were significantly different from 0 and 1.0, indicating
a significant but imperfect relationship between predicted prices and
actual prices received. The unbiased regression line (B = 1.0) passes
through the means x, y of both the 2 percent and less and the 2.1 to 4.9
percent acid groups (Figures 15 and 16). However, since the computed
regression line lies below the unbiased line for observations greater
than the mean and above for those less than the mean, it can be seen
that on the average the predicted prices underestimate the actual prices
received for values greater than the mean and overestimate those below
the mean. This type error was smaller for the 2 percent or less group
than for the 2.1 to 4.9 percent acid group, as indicated by the greater
slope of the computed regression line for the 2 percent or less group.
The scatter of dots above the unbiased regression line indicates that
pricing errors have been reduced considerably in comparison with
^"Normally this would not be true. In rechecking the data to ascertain why this
relationship existed in the 5 percent or more acid group, it was found that when the
grade of the seed was very low, the oil mill, in some cases, paid the ginner a price
in excess of that indicated by the base price and grade. In other words, in some
cases, the mill did not discount the shipment by the full amount indicated by the
grade of the seed. If the price received data were adjusted in these cases to reflect
the full discount, it is expected that the difference between the average price received
and average predicted price would not be significant.
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those found in the present system. The i^ricing errors for the 2 percent
or less group are quite small.
The unbiased regression line cuts the computed line below and to
the left of the means x, y for the 5 percent or more group, again indicat-
ing that on the average predicted prices underestimated the actual
prices received. The computed line lies below the unbiased line to the
right of the intersection point and below it to the left of this point.
This means that on the average the predicted prices underestimate the
higher valued seed and overestimate the lower valued seed.
Approximately 92 percent of the variation in the predicted prices
was linearly associated with the actual prices received in the 2 percent
or less acid group as compared with 73 and 6 percent for the two higher
acid groups, respectively. The standard deviation of the mean for the
predicted prices was 5.80, 3.55 and 1.82 for the three groups while the
standard deviation of the mean for the actual prices received was 6.43,
58
Actual price received per ton
156 lots of cottonseed, 5 percent or more free fatty acid
Figure 16.—Relationship between moisture-grade predicted prices and actual prices
received for cottonseed.
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4.01 and 5.97. The small standard deviation of the mean for predicted
prices in the 5 percent or more group as compared with that for actual
prices indicates the tendency of predicted prices to cluster around the
mean and their failure to fully reflect variations in actual prices re-
ceived. The standard error of estimate was 1.60, 1.85 and 1.77, for the
three acid groups, respectively. This means that approximately two-
thirds of the predicted prices would not vary from the observed regres-
sions by more or less than these amounts.
The average predicted price for all three acid groups combined was
$56.28, while the average actual price received was $56.48 (Table 12).
The small difference of — .20 was found not to be significant. This
means that on the average there was no bias in moisture-grade predict-
ed prices for all observations combined. The computed linear regression
coefficient for all observations combined was 0.900. Tests revealed
the coefficient was significantly different from 0 and 1.0, indicating a
significant but imperfect relationship between predicted prices and
actual prices received. The unbiased regression line (B z= 1.0) passes
through the means x, y. However, the computed line lies below it to
the right of the mean and above to the left of the mean (Figure 17). This
indicates that on the average the predicted price underestimates actual
price received for values higher than the mean and overestimates the
actual price received for values lower than the mean.
Approximately 88 percent of the variation in the predicted prices
was linearly associated with actual prices received. The standard de-
viation of the mean for predicted prices was 7.86 as compared with
8.20 for actual prices received. The standard error of estimate was
$2.71.
It must be remembered that the data for all observations were ob-
tained by combining the predicted prices computed through the use of
the appropriate equations for each acid group. The differences in the
accuracy of the predicted prices between the various groups have been
noted. As a result of these differences the scatter diagram for all ob-
servations forms a funnel shaped distribution with a pattern of positive
relationship between the variables. This indicates that the pricing error
becomes larger as the unbiased regression line falls from the right to
the left. A larger pricing error is indicated for low valued seed. It is
obvious that the standard error of estimate is not equal throughout the
distribution. The scatter is quite large in the lower left hand part of the
diagram, becoming smaller as it moves upward and to the right (Figure
17). The average standard error for the combined groups understates the
error for low valued seed and overstates the error for high valued seed.
Thus one would not be justified in using the average to correct errors
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Actual" price received per ton
Figure 17.—Relationship between moisture-grade predicted prices and actual prices
received, 1,102 lots of cottonseed.
in the observed regression. Attention is also called to the computed re-
gression coefficient for the combined groups. It is in effect a weighted
average of the three regression coefficients for the individual acid
groups. It is slightly less than that for the 2 percent or less acid group
and larger than that for either of the other two groups. It is anticipated
that the analysis for the combined acid groups, for each alternative
method of estimating grade, will be used for comparative purposes only.
Oil-Grade Predicted Prices
The three price prediction equations computed on the basis of the
oil-grade estimates were as follows:
(1) For seed containing 2 percent or less free fatty acid:
P' = 33.62 -]- 3.686 X (C)
(2) For seed containing 2.1 to 4.9 percent free fatty acid:
P' = 38.41 ^ 2.986 X (C)
(3) For seed containing 5 percent or more free fatty acid:
P' = —56.12 7.132 X (C)
In each equation X is the oil content, C is the oil mill base price
for basis grade seed (grade 100) and P' is the predicted price.
The predicted price for any lot ol seed may be calculated by insert-
ing the applicable oil content and oil mill base price in the appropriate
acid content equation. The predictions will be subject to the same error
as was pointed out for the grade estimates. The above equations were
used to predict the price of all lots of seed in each acid group included
in the study. These data were then subjected to pricing error analysis
similar to that used for moisture-grade predicted prices.
The average predicted prices based on the oil-grade estimates for
the three acid groups were $60.12, $53.42 and $42.87, respectively. The
average price received was $60.16, $53.22 and $44.34 for the three
groups. The differences of — .04 and -|- .20 for the 2 percent or less and 2.1
to 4.9 percent free fatty acid groups were not significant, while the nega-
Actual price received per ton
Figure 18.—Relationship between oil-grade predicted prices and actual prices re-
ceived, 718 lots of cottonseed, 2 percent or less free fatty acid.
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tive difference of 1.47 for the 5 percent or more group was found to be
highly significant at the 1 percent level. This means that on the average
there was no bias in the predicted prices for the two louver acid groups;
there was a significant do^vn^vard bias in the 5 percent or more
group.
The computed linear regression coefficients for the three acid groups
^vere 0.9230, 0.6275 and 0.2225, respectively (Table 13). The regression
coefficients for the 2 percent or less and 5 percent or more acid groups
^vere higher than the corresponding coefficients for the moisture-grade
predicted prices. The regression coefficient Tvas louver for the 2.1 to 4.9
percent acid group. Tests revealed that all of the computed regression
coefficients were significantly different from 0 and 1.0. This means that
there was a significant but imperfect relationship bet^veen the predicted
prices and actual prices. The unbiased regression line (B = 1.0) passes
through the means x, y of both the 2 percent or less and the 2.1 to 4.9
percent free fatty acid groups (Figures 18 and 19). The computed lines
lie belo^v the unbiased line for observations greater than the mean and
above for those less than the mean. This means that on the average
the predicted prices underestimate the actual prices received for seed
higher in value than the mean and overestimate the actual prices re-
ceived for seed loAver in value than the mean. This type error ^v^iS quite
small for the 2 percent or less acid group. The scatter of dots about
the unbiased regression line "was quite small for the 2 percent or less
group, indicating a very small pricing error in this group.
The unbiased regression line crosses the compiued regression line
belo"^\' and to the left of the means x, y for the 5 percent or more acid
group (Figure 19). The computed line lies belo^v the unbiased line to
the right of the point of intersection and above to the left of this
point. On the average the predicted prices for higher valued seed
underestimated the actual prices received "^s'hile the predicted prices
overestimated the actual prices for lo^wer valued seed. This type error
Tvas relatively large as compared to the other two acid groups.
Approximately 97, 66 and 15 percent of the variation in the pre-
dicted prices "was linearly associated ^vith the actual prices received in
the three acid groups, respectively. The standard deviation of the mean
of predicted prices "^vas 6.03, 3.10 and 3.42 for the three groups. The
standard error of estimate "vv^as SI.06, SI. 19 and S3. 16.
The average predicted price for all three acid groups combined was
$56.29, Avhile the average actual price received Tvas S56.48. The small
difference of — .19 was not found to be significant, indicating that on
the average there \vd.s no bias in the oil-grade predicted prices for all
observations combined. The computed linear regression coefficient for
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Actual price received per ton
228 lots of cottonseed, 2.1 to k*9 percent free fatty acid
Actual price received per ton
156 lots of cottonseed, 5 percent or more free fatty acid
Figure 19.—Relationship between oil-grade predicted prices and actual prices re-
ceived for cottonseed.
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Figure 20.—Relationship between oil-grade predicted prices and actual prices re-
ceived, 1,102 lots of cottonseed.
all observations was 0.9271. Tests revealed the coefficient was significant-
ly different from 0 to 1.0, indicating a significant but imperfect rela-
tionship between the variables. The unbiased regression line (B — LO)
passes through the means x, y on the computed line (Figure 20). The
computed line lies below the unbiased line for values higher than the
mean and above the line for values less than the mean. This indicates
that on the average there was no bias, but that high valued seed were
underpriced and low valued seed were overpriced. This type error
was quite small as measured by the distance between the two regres-
sion lines within the range of the data.
Approximately 90 percent of the variation in the predicted prices
was linearly associated with actual prices received. The standard deviation
of the mean of predicted prices was 8.01 as compared to 8.20 for actual
prices received. The standard error of estimate was $2.58. It may be
pointed out that the computed regression line does not vary from the
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unbiased line by more than the standard error of estimate ^vithin the
relevant range of the data.
Oil-Moisture-Grade Predicted Prices
The three prediction equations computed on the basis of the oil-
moisture-grade estimates ^vere as follows:
(1) For seed containing 2 percent or less free fatty acid:
P' = 44.10 4- 3.402 Xi — 0.567 X2 (C)
(2) For seed containing 2.1 to 4.9 percent free fatty acid:
P' — 71.99 + 2.009 Xi — 1.270 X, (C)
(3) For seed containing 5 percent or more free fatty acid:
P' = — 68.32 + 7.480 X^ + 0.469 X. (C)
In each equation Xi is the oil content, X2 is the moisture content, C
is the oil mill base price for basis grade seed (grade 100) and P' is the
predicted price.
The predicted price for any lot of seed may be calculated by insert-
ing the applicable oil content, moisture content and oil mill base
l^rice in the appropriate acid content equation. The predictions will be
subject to the same type error as was pointed out for the grade estimates.
The three equations were used to predict the price of all lots of seed
in each of the acid groups. These data were then subjected to pricing
error analysis similiar to that used for the other predicted prices.
The findings of the pricing error analysis for the oil-moisture-grade
predicted prices ^vere very similar to those for the two preceding ones.
The average predicted prices did not differ significantly from the
average actual prices for the 2 percent or less and 2.1 to 4.9 percent
acid groups, while the difference of — 1.47 for the 5 percent or more
group was found to be significant (Table 14). The same relationship
between the computed and unbiased regression lines was found, in-
dicating that on the average the predicted prices overestimated the
actual prices received for low valued seed and underestimated the act-
ual prices received for high valued seed (Figures 21, 22 and 23) . The
computed regression coefficients for the three acid groups were 0.9542,
0.7561 and 0.2167, respectively. These were larger for each group than
the corresponding coefficients for the other alternatives except for the
5 percent or more group. The regression coefficient for the oil-grade
prediction was slightly larger than that for the oil-moisture-grade pre-
diction for the 5 percent or more acid group. For all observations
combined the computed regression coefficient 0.9460 was higher than
for either of the other alternatives.
Approximately 98, 75 and 14 percent of the variation in the pre-
dicted prices was linearly associated with the actual prices received in
the three acid groups, respectively. Approximately 91 percent of the
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variation lor all groups combined was linearly associated with the actual
prices received. Except in the 5 percent or more acid group, variations
in the oil-moisture predicted prices were more closely associated with
actual prices received than either of the two other alternatives. The
standard deviation of the mean of the predicted prices was also larger
in all except the 5 percent or more acid group, 6.21, 3.50, 3.41 and
8.13 for the three acid groups and all groups combined, respectively. The
standard error of estimate was $0.91, |1.74, $3.16 and $2.45 for the three
groups and all groups combined, respectively.
Within the relevant range of the data, the predicted prices based on
the oil-moisture-grade estimate would be a highly accurate means of
pricing cottonseed at the ginner market. During seasons in which the
free fatty acid content did not exceed 4.9 percent, the pricing error in-
volved in using this method could be expected to be very small.
TABLE 14.—Summary analysis of regression of oil moisture predicted prices on price
received for cottonseed by ginners and price errors, by free fatty acid
groups''
Number of observations
Items measured or
computed 2% or less FFAb 2.1 to 4.9% FFA
718 228
Predicted price:
Mean 60.13 53.42
Standard deviation 6.21 3.50
Price received by ginner:
Mean 60.16 53.22
Standard deviation 6.43 4.01
Correlation coefficient 0.9892** 0.8682*
Coefficient of determination 0.9785 0.7538
Regression coefficient 0.9542 0.7561
Total sum of squares 27,624.80 2,773.99
Reduction in S.S. due to reg.'' 27,029.51 2,091.00
Deviation from reg. S.S. 595.29 682.99
Variance of estimate S-e 0.83 3.02
Standard error of estimate 0.91 1.74
Standard error of reg. coef. 0.003 0.029
(t) value of test Ho:b=l 15.86** 8.50**
(t) value for test Ho:b=0 330.40** 26.66**
Mean difference (error) -.03 +.20
Standard deviation 6.32 3.76
Standard error of mean ^0.334 0.353
5% or more
FFA
156
All
observations
1,102
42.87
3.41
44.34
5.97
0.3795*
0.1440
0.2167
1,799.60
259.19
1,540.41
10.00
3.16
0.043
18.39**
5.09**
-1.47
4.86
0.550
56.30
8.13
56.48
8.20
0.9537*
0.9096
0.9460
72,797.78
66,218.06
6,589.72
5.99
2.45
0.009
6.00**
105.13**
-.18
8.16
0.348
(t) value for test hypothesis
true mean difference = 0 0.009 0.567 2.673* 0.517
^ Error equals predicted price minus actual price.
^ FFA equals free fatty acid,
c S.S. equals sum of squares.
**Significant at .01 level.
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Actual price received per ton
Figure 21.—Relationship between oil-moisture-grade predicted prices and actual
prices received, 718 lots of cottonseed, 2 percent or less tree fatty acid.
APPRAISAL OF PRICING ACCURACY
OF SUGGESTED ALTERNATIVE PRICING SYSTEMS
The diagrams in the preceding sections have shown that the present
pricing system, as well as each of the suggested alternatives, has certain
pricing errors associated with its use in marketing cottonseed at the
ginner market. Under each method the scatter of dots about the un-
biased regression line indicated that some lots of cottonseed were
priced above the actual price received while others were priced below.
The scatter of dots about the unbiased line, however, was much greater
for the present system than any one of the suggested alternatives and
was greater for some alternatives than for others. This was especially
noticeable for the lower free fatty acid content seed.
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Actual price received per ton
156 lots .of cottonseed, 5 percent or more free fatty acid
Figure 22.—Relationship between oil-moisture-grade predicted prices and actual
prices received for cottonseed.
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Figure 23.—Relationship between oil-moisture-grade predicted prices and actual
prices received, 1,102 lots of cottonseed.
An appraisal of the various scatter diagrams showed that the pat-
tern of prices was clearly quite different under the alternative methods
from that under the present system. In the present system, prices ar-
ranged themselves in rather narrow bands extending horizontally across
the chart (Figure 7). Under all three of the alternative methods the
prices for the 1,102 lots were arranged much more closely around the
unbiased regression line (Figures 17, 20 and 23). Where the free fatty
acid content was less than 5 percent, the dots were arranged very
closely around the unbiased line. The improvement was not so obvious
for observations in which the acid content exceeded 5 percent.
There was also a noticeable difference in the pattern of prices about
the unbiased regression line among the alternative methods. There was
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a larger scatter about the unbiased line for the moisture-grade predicted
prices than for the other two alternatives. A difference was more dif-
ficult to discern between the oil-grade and oil-moisture-grade predicted
prices.
A comparison of dispersion and the relationship of the variables
in the present and alternative pricing systems is given in Table 15. The
coefficient of determination was only 0.5935 for the present system as
compared to 0.9096 for the oil-moisture-grade predicted prices. In other
words, the variation in prices paid under the present system explained
about 59 percent of the variation in prices received, whereas approxi-
mately 91 percent could be explained by the oil-moisture-grade alterna-
tive. The coefficient of determination was 0.8809 for the moisture-grade
predicted prices, the lowest of the three suggested alternatives.
The relative pricing accuracy of each of the several pricing meth-
ods, measured statistically in terms of the variation in pricing errors, is
shown in Table 16. The present system of marketing cottonseed re-
TABLE 15.—Comparison of standard error of estimate, correlation coefficients and
coefficient of determination for various pricing methods, 1,102 cotton-
seed shipments
Pricing Standard error Correlation Coefficient of
method of estimate coefficient determination
Present pricing system $4.31 .7704 .5935
Moisture-grade predicted prices 2.71 .9386 8809
Oil-grade predicted prices 2.53 .9489 .9006
Oil-moisture-grade
predicted prices 2.45 .9537 .9096
TABLE 16.—Relative accuracy of pricing cottonseed by several alternative pricing
methods, 1,102 cottonseed shipments
Item
computed
Pricing Method
Present
system
Moisture-
grade
predicted
price
Oil-
grade
predicted
price
Oil-moisture-
grade
predicted
price
Optimum
pricing
system''
Variance of
estimate
Percentage of
column 1
18.60 7.37
100.00 39.6
6.38
34.3
5.99
32.2
0.00
0.00
Percentage reduction
in variance based
on column 1 60.4 65.7 67.8 100.00
Ranking in pricing
accuracy fourth third second first optimum
a Optimum system would be one in which prices paid equal prices received for each lot
of cottonseed.
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suits in a certain variation of prices paid by ginners for seed above
and below prices received by the ginner from the oil mill. This varia-
tion is a measure of pricing error: the larger the variability, the less
accurate the pricing system; the smaller the variability, the more accurate
the pricing system. If price paid had been equal to price received for each
lot, the pricing errors would have all been zero, and the variability of
pricing errors would have been zero.
In the comparison of pricing accuracy, the variation of pricing er-
rors associated with the present method was used as the base against
which the other pricing methods were compared.
The moisture-grade predicted price system appeared to be the
least accurate of the three alternatives. However, even this method re-
sulted in a reduction in pricing error of approximately 60 percent in
comparison with the present method. The oil-moisture-grade prediction
method was the most accurate method, resulting in a 68 percent re-
duction in pricing error. The oil-grade prediction method was only
slightly less accurate than the oil-moisture-grade system, accounting for
a 66 percent reduction in pricing error.
A still further reduction in pricing error that is not reflected in the
diagrams or in the statistical analysis is that related to the pricing of in-
dividual lots of cottonseed purchased by the ginner. It may be as-
sumed that the same degree of accuracy will be obtained in predicting
the price of individual bale lots, using the various alternative methods,
as that obtained in predicting the price received for individual ship-
ments to the oil mill. It may also be assumed that a comparable, if not
greater, reduction in pricing errors will result from the use of the al-
ternative systems in pricing individual lots of cottonseed purchased by
the ginner from the producer. The extent of this type error in the pre-
sent system is not known. However, in view of the "flat price" custom,
it could conceivably be quite large in cases where the quality of indi-
vidual purchases was found to vary widely.
One of the most significant results to be expected from the adop-
tion of any one of the alternative methods of pricing cottonseed at
the ginner market is that farmers would be paid more nearly the true
market value of the cottonseed they bring to the gin than is possible
under the present system. As far as the farmer is concerned, the present
system of pricing gives major consideration to the weight of the seed.
Selling on the basis of the estimated-grade price would give consider-
ation to value variations arising out of differences in quality as well as
weights. The producer would select the gin which he wishes to pa-
tronize on the basis of a posted basis price at the gin rather than in
terms of a posted flat rate for all seed.
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These are the errors in pricing which should be considered in
deciding whether the sale of seed by any one of the methods would or
would not be a desirable improvement in the cottonseed marketing
system. The reduction in errors indicates the improvement in accuracy
which could be realized by selling on the basis of the alternative meth-
ods. They should be weighed against the possible increase in costs,
and added inconvenience in marketing cottonseed by these methods.
Whether or not one of the alternatives will be adopted and used will
depend upon (1) the cost of performing the grading operations, (2) the
extent of required changes in the present operational setup and (3) the
support given to the suggested alternative methods by those outside
the ginning industry. The additional cost involved in the use of the
alternatives has not been ascertained. However, it is felt that it would
not be excessive. Operational changes would mainly consist of making
arrangements for performing the grading operations. Use of the al-
ternatives would not involve any changes in the methods or timing of
seed settlements with producers.
Limitations of the Study
Some of the limitations of the study have been pointed out in the
analysis presented in each section. However, it was deemed advisable
to reemphasize these as well as to point out others.
First, in the analysis of pricing errors in the present system it was
assumed that the oil mill base price adequately reflected consumer
demand for cottonseed products and that the premiums and discounts
paid by the mill adequately reflected the differentials between grades.
This was a necessary assumption in order to limit the scope of the
study and it might not be necessarily true.
Second, it was assumed that the official chemical analysis was an
accurate method of determining quality differences in cottonseed, and
that there were no errors in the official grades. If there were any
errors in the grading, these contributed to the magnitude of the
standard errors of estimate in the analysis of grade factors and the
analysis of grading errors for the different estimation equations. Since
the official grade analysis is made on the basis of a small sample of
seed, it is very likely that such errors exist.
A third limitation is the acceptance of the oil and moisture con-
tents determined by the official grade analysis as the values that would
be obtained by the use of the USDA meters. No tests were made in
the study to confirm the reported results obtainable through the use
of the meters.
A fourth limitation is the assumption that the reductions in pricing
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errors were due to the use of the alternative grade standards. Part of
the pricing errors might have been due to the failure of the present
system to reflect changes in the oil mill base price. If so, part of the
reduction in pricing errors would have been the result of using the ac-
tual base price in the calculations.
A further limitation was the fact that the sample data for grades
within each acid group was not stratified on any basis. This sampling
procedure introduces a bias, the extent of which is unknown. The re-
sults could have been improved if the distribution had been known
and used and weighted regressions had been computed. The fact that
the data were stratified by acid content groups would reduce this bias
to some extent. A second bias was introduced when the data were
used to determine what relationships existed and then used as a basis
of fitting the relationship to the data. The sample data were also used
to determine the accuracy of the prediction equation. One would ex-
pect the prediction equation to fit the sample data with a high degree
of precision.
A final limitation is the acceptance of the theoretical grade stand-
ards as alternative methods of pricing cottonseed. The operational ef-
ficiency aspects of the various alternatives were not determined in
the study.
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